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3}o] ®/C APIE AH8-317] 918 R E 3, By 28] vl 22 F o & ohE ol 3 dFF =gt

#define PY_SSIZE_T CLEAN
#include <Python.h>

o=t L EE FHHE AZREF=AS v} <stdio.h>, <string.h>, <errno.h>,
<limits.h>, <assert.h> 18] <stdlib.h> (A& 7153 4 -%).

Fa: sol A2 AR AIAH FE F ol S v A=A HYE BT Yo ZEIHE
o]_:_:LE T3] A 01] Python.h & ¢l
A

Python.h & AEFE5H7] % _SSIZE_T_CLEAN & A3l ZE AFEYh o] a2 o st
ZPAIGE AR Q1 A} i A g S = FREA] AL

Pyonh= 49 ALEACIA B BE O FELS (ERW EE AN AW AL A py EE ey
S S MR R
s LS ol o8 ALE ol A S LTk, T2 AN ES ol Eo] YR} EA Bt

B SR FEE Py EE _py 2 AASE o 85 AN AT oA P AR Feka
G Shmlol e @ AFAL B £4AQ 0] 2 A T4E At G o] W Aol tHe A§A =)
o442 AN Tk

Y Y ES Ao R sto] A A AP UTh FH2oAE Y «L}O £ prefix/include/
pythonversion/ & exec prefix/include/pythonversion/ <o £ U5 Utk prefix &
crec_prefix & 3|2 configure 224 £l S5 5 Shebu el 2 Ao H T WA L ad a5
sys.version infol:2] QUTh AL ol A= ol 5 AEL prefix/include kol 425 ol 9%
wpmﬁxtﬂé%aﬂqﬂﬂﬁgﬂﬂﬂﬂaaﬁuw
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283 3l 7HgAl A 2 = o

shol sl el whelel & @ 44 -8 WAzt B s o] dHUTh HREL
52 o719 A2l of Q%5 Lch ofel

AdsUth (S So] Py_RETURN_NONE) Y | ] YukA <l §d e
E50] AA H52 obduth
PyMODINIT_FUNC

Declare an extension module PyInit initialization function. The function return type is PyObject*. The
macro declares any special linkage declarations required by the platform, and for C++ declares the function as
extern "C".

The initialization function must be named Py Init_ name, where name is the name of the module, and should be
the only non-static item defined in the module file. Example:

static struct PyModuleDef spam_module = {
PyModuleDef HEAD_INIT,
.m_name = "spam",

bi

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spam_module) ;

}

Py_ABS (X)
x o] A9 ghE vksg o}
WA 330 7}

Py ALWAYS_INLINE

Ask the compiler to always inline a static inline function. The compiler can ignore it and decides to not inline the
function.

It can be used to inline performance critical static inline functions when building Python in debug mode with
function inlining disabled. For example, MSC disables function inlining when building in debug mode.

Marking blindly a static inline function with Py_ ALWAYS_INLINE can result in worse performances (due to
increased code size for example). The compiler is usually smarter than the developer for the cost/benefit analysis.

If Python is built in debug mode (if the Py_ DEBUG macro is defined), the Py_ALWAYS _TNLINE macro does
nothing.

It must be specified before the function return type. Usage:

[static inline Py_ALWAYS_INLINE int random(void) { return 4; }

WA 3,119 &7}
Py_CHARMASK (c)

QA} = FAL = 1128, 127] 1+ [0, 255] ALo] 9] 4 o] oF FrUTh. o] )2 E = unsigned char & A2
29 c & RSt

Py DEPRECATED (version)
7] A] (deprecated) 41 A o)l AFGBHH A L. o] AR = A& o] F ol §] A 3f oF gt
| A :




The Python/C API, 2 2|A 3.11.14

[Py_DEPRECATED(S.B) PyAPI_FUNC (int) Py_OldFunction (void) ;

WA 3.801 4 ¥7: MSVC A9 =75 U th
Py_GETENV (s)

Like getenv(s), but returns NULL if -E was passed on the command line (i.e. if
Py_IgnoreEnvironmentFlag is set).

Py MAX (X,y)
x &hy Alo] o] HHAZS vkt
B A 3.30] &7}
Py_MEMBER_SIZE (type, member)
(type) T2 A member 9] 7] & vlo]ER w3 th
WA 3.600 F7}
Py_MIN (X, y)
x 9Fy Abolo] 2 £ 3he whagh o
WA 3300 F7L
Py_NO_INLINE

Disable inlining on a function. For example, it reduces the C stack consumption: useful on LTO+PGO builds
which heavily inline code (see bpo-33720).

A

[nyNOfINLINE static int random(void) { return 4; }

WA 3119 37}
Py_STRINGIFY (x)
2 CEAGRE AT} o 2 So] Py STRINGIFY (123) 2 "123" 2 ukska o},
WA 3400 7}
Py_UNREACHABLE ()
Aoz =g e IE FRFAE B9l o] AR E AESHEAI L. o § 591, switch &0
A 7}‘_6}35 #ko] case % Oﬂ/H T A= Aol default: ZoA AHEE 4 dF Ut assert (0)
T abort () YA AFESHA Al 2

= REO A o] Uﬁii Astde 7t ZEE H Ao =0 H EE8 5 gl Z =0 e
A1E YA gL o= Lol AR e B]_ H T oA GCC _ builtin_unreachable () &
TaF Yk

Py_UNREACHABLE () & € 5= 485} 4] ¢t 9k Py _NO_RETURN S A AU3}A] & T4 2 &5
AUt

T A2t 7he Aol RA w9 A Ao £ 5 9l AP, o] w2
T o2 Sol, W% 2l F HE e A A2 Fol o 4 1

Aol A e 2 Hasle Ao E4UTh BEAA o HE R
= 48E 2 g2t

B A 3.70] &7}
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Py_UNUSED (arg)
F59] M ALE Aol AEF A9 e ATE FAFUTL oAl: int func(int a, int
Py_UNUSED (b)) { return a; }.
B A 3.40] =7}
PyDoc_STRVAR (name, str)
SLEGOIH A8 715 T nane o]t ol §] WS AT, ol tol S22 ol Y= e
W42) ke ol ATk
PEP 7 o]l §AIE ZAA & sto] g 52EF glo] WESLY] 8l PyDoc STRVAR & H2E F o] ARS8t
AAL
of| A :

-

PyDoc_STRVAR (pop_doc, "Remove and return the rightmost element.");

static PyMethodDef deque_methods[] = {
VAR
{"pop", (PyCFunction)deque_pop, METH_NOARGS, pop_doc},
/).

}

L

PyDoc_STR (str)

Fol 2ol At SAEP L A FUT SAEYo] M B3 5019 39 W BALS 44

Fuet.
PEP7 o BAE AAY S22 glo] ol AL WET S YEF SAEYS AT 0] Pypoc STF
2 AN L.

S A

static PyMethodDef pysglite_row_methods[] = {
{"keys", (PyCFunction)pysqglite_row_keys, METH_NOARGS,
PyDoc_STR ("Returns the keys of the row.")},
{NULL, NULL}
bi

1.4 245, & 22|10 X 514

2 9] 3ho] ®/C APL @<= 8t o] 4F2] Q1Aket pyobject* O W1k 3h2 7AW sl &2 499
ato]ld AAE et = 2 3= (Opaque) H o B ol tht ZAH Atk S, 252 3, A A 5
o 2] A A sfo] A o] 7t BE Shol# AA & L Aoz HFE] o ddCFom
FdotE 2ol AEFUnh tfRE AAl= Joll AF T P Pyobject B At MU BA WL
A AsNA = Pﬂ‘ﬂ PyObject* o] ZH ALRE HAT + J5Uth fFdst o9+ 3 AA P 3
AR S Ao @Fo] siAHA = HH 7] Wi 2oll & AAELS HE BH PyTypeObject AR S YT
2E vlolA AA = (3] A 7&"7‘2}1—1 ) & (type) I = B (reference count) & 7FA| 3L 9l 5t A4 <]
B2 AA Y] TFE ZATUE (& é%ﬂii, T AREAE 2] B . types ol F7FA ) F 5
o 3 ““ﬂﬂoi O‘A‘%T/H g 33011 AA 7L A BAAE ﬂ"]ﬁ}L Uﬁﬂiﬂ AsUth A& 59
PyList_Check (a) = a7]- 718 7)1 = 7"%1]7]—«4- 18 2|2E Y Aol v ZFd Yk

14. 2%, & Q2|7 A= 814 7
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FzAF= Y HAFoE AP YT GutAd W2 W3 E Py INCREF () & AH&-3te] 2] o o gk
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5, Z2 AT E S} AaAe) AYUth Py _DECREF () W32 FX 7100 HE=AE st
A A o] el A A} (deallocator) & T Ed oF St &2 IR I +E F7HAI 7= a2 B} 98] B33y oh
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S A2 E Aty o 27 upiE S
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AR e FAEE F U L E A weol chal Ao T 2T BEE L (Z 7
D Artday o Edo R s
S0l ] 2L gt S A o] F E 2L
k. 22 958 ALEaoFal a1 o f= 2] 2)
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DAt 2T 42 Follo] a&dte & Z52 C Fol dAz dAA = AA A 4T
TEHAUSL TS BE A tie F2E H ot g YTh
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Hol dabo] o] 8 AW £ 9 A9 o] shol W LEE MRS E 9ok 2 YV Th Py DECREF () oA

AR AEES FoM b = AR 7] Wl A4 Ae] BE Qgte] AA Ao 9 Th
[e)

g A4k=E (PyObject_, PyNumber ,PySequence_ X+ PyMapping_ 2 A& dl=
AH& sk AU th o2l gt A4kE2 B vhshshe BE AR o thal A =8 2k 3
3]

[e]

= [e)
ZE UFUTHSE, F2 AFE S7HAAUD. ol& &5 S22 A dto] ukghe AR ehe] 2Hq] o] Byhs
3 Py_DECREF () £ 2 AL AUt o] & 5&3t € AUt

A& AR 7} ohd

Jo

}o] M/C API o A BHpo) 2z 3l 528 Fxo 474 o7 713 A AEEUh &

Fzo AR JFULH (AAE 2FFHA Utk A= 4TI Uth) “FRE L[ AT S
o ol A Fz7} 2314 ¢S w] Py DECREF & 53 A o] Jlthe= AL gyt 245482 =9
TE JdFUY &, T2 2/5dE RS IV AFAol U o] QA & Wl Py DECREF () B
Py_XDECREF () & 23 AY AL (A A S22 A) @R 2RN A= F2E HAT Aol
ANTE AL otk g7 F2Y 253 TEANA Y20 TEAE= N2 FZRE YD
gUth 2afdo] FAAA S TEAE= F2E YA g Ut Ld A2 E e ol AR &
427 syt

T2 $& oA AA et F2E 94 ul= F7HA 7Fs Aol dsUth: e AAd e =2 &
A 45, 38R S FE JFULE IARE FA AL 5 FRE AL 0 A G 7 ALH
FRE AFotn 7R o o)A A AE A A et 2AS gt

Fz2E FAE 5+ A9 95UY FEEUSE FHA A= pPyList SetItem() I
PyTuple SetItem() YUTh ©o] F74A g4E 240 g F2E THUT(H, 245 92 FZoly
grEd gt FxE XA gFUh). o] FLEL NE FE0A AAER FEZoU g rEE &=
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Qb ol Bal B A2 E FAEE AANJASUT o] 5o, FEL VEL TE (1, 2, "three")
08T e 5 A5 Ut (A e AZe Aol dAe. O £ o w agels UL oo
et 95Utk

PyObject *t;

t = PyTuple_New (3)

PyTuple_SetItem(t, O, PyLong_FromLong (1L)) ;
(t, 1, PyLong_FromLong (2L));
(t

, 2, PyUnicode_FromString("three"));

PyTuple_SetItem
PyTuple_SetItem

o] 71N PyTuple SetItem() ¥ PyLong FromLong () 7} ¥F&st 2 E Zulz S Ut} A A o
FxFEAAE AL AAE A E 32 E FA= - E TS Dol py_increF () S0 F
A 2l A8 AL A 2.

HZo| A9, pyTuple SetTtem() & {F&o] 845 ¥+ 3 PHIUL FE2 2 AT
o] 2ol PySequence _SetItem() 3 PyObject_SetItem() & HZo] 84
PyTuple_SetItem() < AR WEI Y= FZo 7 AL F of of gt}

=t
YAEEANSE S Yn|9 F = pyList_New() & PyList_SetItem() & A3 vHE 4= 54Ut}
Y4 gAY

=
SIA T AAZE=oHA FE2EEZ2EE NS A= A=yt Ul AR ES T4 EX
(format string) 2 AA T = C L2 HE WtEojd 4= = A g &< py_Buildvalue() 7} §
o

2
=, FEFY Z=E oS ZEE AZ 5 A5tk (ol 2] FAE A2l dyth):

PyObject *tuple, *list;

tuple = Py_BuildvValue (" (iis)", 1, 2, "three");
list = Py_BuildValue("[iis]", 1, 2, "three");

PyObject_SetItem() ¥ 2 AFEL Tl A== AAAH Fxwh d2)x e 849 A AH&sthe
Zo] A UTE o] AP M2 F2E AR Y1 F2EAFT S gong Fxo tF FLE9
2ol 4w

int
set_all (PyObject *target, PyObject *item)
{

Py_ssize_t i, n;

n = PyObject_Length (target);
if (n < 0)
return -1;

for (i = 0; 1 < n; i++) {
PyObject *index = PyLong_FromSsize_t (i);
if (!index)

return -1;
if (PyObject_SetItem(target, index, item) < 0) {
Py_DECREF (index) ;
return -1;
}
Py_DECREF (index) ;
}

return 0;

—~

B4 WHE groll thal A Aol OF7 chETh TR Pae] R E AL E Y Fxol e A5
2ol o] vl 9FA B AR o) U & FEE A FIHE WS BE FR £FAL AT o) i 2T
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wt2bA] Pyobject_GetItem() 3 PySequence_GetItem() HE Ao th3t A= E widst= A &
SE2 QA AZE B2 E VAT (EEA7 A £ HA7L H YD,

o oo vk FrE Ao A ol FrE TSt ol et gektithE A S obs 29
Fo¥dUth — A" (Fol A2 AgE AR F) 2 AP ] AFUTH WebA pyList _GetItem()
£ A8 e BAEdA BB AL #2820 Be ULk — AW EAT AAE Wi
PySequence_GetItem() & AFR35}o] Bl AEA TEE 7 ?ﬁil‘/]—tﬂ HEStE AR o ot FRE 4AF
A fuch

BEe A4 Hase dE BE PAE PHE BEE G4 B9 ANYUD. B we
PyList_GetItem() & AH83t1, § WL PySequence_GetItem() & AHEFUth

long

sum_list (PyObject *list)

{
Py_ssize_t i, n;
long total = 0,
PyObject *item;

value;

Py_DECREF (item); /* Discard reference ownership */

n = PyList_Size(list);
if (n < 0)
return -1; /* Not a list */
for (i = 0; i < n; i++) {
item = PyList_GetItem(list, 1); /* Can't fail */
if (!PyLong_Check(item)) continue; /* Skip non-integers */
value = PyLong_AsLong (item);
if (value == -1 && PyErr_Occurred())
/* Integer too big to fit in a C long, bail out */
return -1;
total += value;
}
return total;
}
long
sum_sequence (PyObject *sequence)
{
Py_ssize_t i, n;
long total = 0, value;
PyObject *item;
n = PySequence_Length (sequence) ;
if (n < 0)
return -1; /* Has no length */
for (i = 0; i < n; i++) {
item = PySequence_GetItem(sequence, 1i);
if (item == NULL)
return -1; /* Not a sequence, or other failure */
if (PyLong_Check (item)) {
value = PyLong_AsLong(item);
Py_DECREF (item) ;
if (value == -1 && PyErr_Occurred())
/* Integer too big to fit in a C long, bail out */
return -1;
total += wvalue;
}
else {

(TH& sl oA ol A1)

10
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(e1A sl o] A ol A AI5)
}

return total;

142 o

SHAMCAPIAN G ST ADE S b2 ololE I & A Gtk e e e inc

=
©]

ng, double 18|11
BC S£452 sk A-g
A o1 B TR B © ] 49) 0 2ol A Aol 419 AR 5
Y gt ol @ FEL AT DES ABIE B9 B 92 AU
type Py_ssize_t

Part of the 2+ ABIL A signed integral type such that sizeof (Py_ssize_t) == sizeof(size_t).

C99 doesn’ t define such a thing directly (size_t is an unsigned integral type). See PEP 353 for details.
PY_SSIZE_T_MAX is the largest positive value of type Py_ssize_ t.
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def incr_item(dict, key):
try:
item = dict [key]
except KeyError:

item = 0
dict[key] = item + 1
thee 22 ojvle] $43C T= ek

int

incr_item(PyObject *dict, PyObject *key)

{
/* Objects all initialized to NULL for Py XDECREF */
PyObject *item = NULL, *const_one = NULL, *incremented_item = NULL;
int rv = -1; /* Return value initialized to -1 (failure) */

item = PyObject_GetItem(dict, key);
if (item == NULL) {
/* Handle KeyError only: */
if (!PyErr_ExceptionMatches (PyExc_KeyError))
goto error;

/* Clear the error and use zero: */
PyErr_Clear();
item = PyLong_FromLong (0L) ;
if (item == NULL)
goto error;
}
const_one = PyLong_ FromLong (1L) ;
if (const_one == NULL)
goto error;

incremented_item = PyNumber_ Add(item, const_one);
if (incremented_item == NULL)
goto error;

if (PyObject_SetItem(dict, key, incremented_item) < 0)
goto error;

rv = 0; /* Success */

/* Continue with cleanup code */

error:
/* Cleanup code, shared by success and failure path */

/* Use Py _XDECREF () to ignore NULL references */
Py_XDECREF (item) ;

Py_XDECREF (const_one) ;

Py_XDECREF (incremented_item) ;

return rv; /* -1 for error, 0 for success */
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The embedding application can steer the search by calling Py_SetProgramName (file) before calling
Py_Initialize (). Note that PYTHONHOME still overrides this and PYTHONPATH is still inserted in front of the
standard path. An application that requires total control has to provide its own implementation of Py_GetPath (),
Py GetPrefix (), Py _GetExecPrefix(),and Py GetProgramFullPath () (all defined in Modules/
getpath.c).
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CHAPTER 2

C API Stability

Python’ s C API is covered by the Backwards Compatibility Policy, PEP 387. While the C API will change with
every minor release (e.g. from 3.9 to 3.10), most changes will be source-compatible, typically by only adding new API.
Changing existing API or removing API is only done after a deprecation period or to fix serious issues.

CPython’ s Application Binary Interface (ABI) is forward- and backwards-compatible across a minor release (if these are
compiled the same way; see Platform Considerations below). So, code compiled for Python 3.10.0 will work on 3.10.8
and vice versa, but will need to be compiled separately for 3.9.x and 3.11.x.

Names prefixed by an underscore, suchas _Py_InternalState, are private API that can change without notice even
in patch releases.

2.1 M EQl 88 ZE T Hlo| 42| U mo]A

For simplicity, this document talks about extensions, but the Limited API and Stable ABI work the same way for all uses
of the API - for example, embedding Python.

2.1.1 Limited C API

Python 3.2 introduced the Limited API, a subset of Python” s C API. Extensions that only use the Limited API can be
compiled once and work with multiple versions of Python. Contents of the Limited API are listed below.

Py LIMITED_API
Define this macro before including Python.h to opt in to only use the Limited API, and to select the Limited
APT version.

Define Py_ LIMITED_APT to the value of PY_ VERSION_HEX corresponding to the lowest Python version your
extension supports. The extension will work without recompilation with all Python 3 releases from the specified
one onward, and can use Limited API introduced up to that version.

Rather than using the PY_VERSION_HEX macro directly, hardcode a minimum minor version (e.g.
0x030A0000 for Python 3.10) for stability when compiling with future Python versions.
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You can also define Py_LIMITED_APT to 3. This works the same as 0x03020000 (Python 3.2, the version
that introduced Limited API).

2.1.2 Stable ABI

To enable this, Python provides a Stable ABI: a set of symbols that will remain compatible across Python 3.x versions.

The Stable ABI contains symbols exposed in the Limited API, but also other ones - for example, functions necessary to
support older versions of the Limited API.

On Windows, extensions that use the Stable ABI should be linked against python3.d11 rather than a version-specific
library such as python39.d11.

On some platforms, Python will look for and load shared library files named with the abi3 tag (e.g. mymodule.
abi3.so). It does not check if such extensions conform to a Stable ABI. The user (or their packaging tools) need to
ensure that, for example, extensions built with the 3.10+ Limited API are not installed for lower versions of Python.

All functions in the Stable ABI are present as functions in Python’ s shared library, not solely as macros. This makes
them usable from languages that don’ t use the C preprocessor.

2.1.3 Limited API Scope and Performance

The goal for the Limited API is to allow everything that is possible with the full C API, but possibly with a performance
penalty.

For example, while PyList_GetItem/() is available, its “unsafe” macro variant PyList_GET _ITEM() is not.
The macro can be faster because it can rely on version-specific implementation details of the list object.

Without Py LIMITED_API defined, some C API functions are inlined or replaced by macros. Defining
Py_LIMITED_APT disables this inlining, allowing stability as Python’ s data structures are improved, but possibly
reducing performance.

By leaving out the Py_LIMITED_APTI definition, it is possible to compile a Limited API extension with a version-
specific ABI. This can improve performance for that Python version, but will limit compatibility. Compiling with
Py_LIMITED_APT will then yield an extension that can be distributed where a version-specific one is not available —
for example, for prereleases of an upcoming Python version.

2.1.4 Limited API Caveats

Note that compiling with Py_ LIMITED_APT is not a complete guarantee that code conforms to the Limited API or
the Stable ABI. Py_LIMITED_APT only covers definitions, but an API also includes other issues, such as expected
semantics.

One issue that Py_ LIMITED_APT does not guard against is calling a function with arguments that are invalid in a lower
Python version. For example, consider a function that starts accepting NULL for an argument. In Python 3.9, NULL now
selects a default behavior, but in Python 3.8, the argument will be used directly, causing a NULL dereference and crash.
A similar argument works for fields of structs.

Another issue is that some struct fields are currently not hidden when Py_ LIMITED_APT is defined, even though they’
re part of the Limited API.

For these reasons, we recommend testing an extension with all minor Python versions it supports, and preferably to build
with the lowest such version.

We also recommend reviewing documentation of all used API to check if it is explicitly part of the Limited API. Even
with Py_ LIMITED_APT defined, a few private declarations are exposed for technical reasons (or even unintentionally,
as bugs).
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Also note that the Limited API is not necessarily stable: compiling with Py_LIMITED_API with Python 3.8 means
that the extension will run with Python 3.12, but it will not necessarily compile with Python 3.12. In particular, parts of
the Limited API may be deprecated and removed, provided that the Stable ABI stays stable.

2.2 Platform Considerations

ABI stability depends not only on Python, but also on the compiler used, lower-level libraries and compiler options. For
the purposes of the Stable ABI, these details define a “platform”. They usually depend on the OS type and processor
architecture

It is the responsibility of each particular distributor of Python to ensure that all Python versions on a particular platform are
built in a way that does not break the Stable ABI. This is the case with Windows and macOS releases from python.org
and many third-party distributors.

2.3 Contents of Limited API

Currently, the Limited API includes the following items:

PyAIter Check ()

PyArg_Parse ()

PyArg ParseTuple ()

PyArg_ ParseTupleAndKeywords ()

PyArg_UnpackTuple ()

PyArg VaParse ()

PyArg VaParseTupleAndKeywords ()

PyArg ValidateKeywordArguments ()

PyBaseObject_Type

PyBool_FromLong ()

PyBool_Type

PyBuffer FillContiguousStrides ()

PyBuffer FillInfo()

PyBuffer FromContiguous ()

PyBuffer_ GetPointer ()

PyBuffer IsContiguous ()

PyBuffer_ Release()

PyBuffer SizeFromFormat ()

PyBuffer_ ToContiguous ()

PyByteArraylIter_Type

PyByteArray AsString/()

2.2. Platform Considerations 17
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PyByteArray_Concat ()

PyByteArray_ FromObject ()

PyByteArray FromStringAndSize ()

PyByteArray_ Resize ()
PyByteArray_Size/()
PyByteArray_Type
PyBytesIter_ Type
PyBytes_AsString ()
PyBytes_AsStringAndSize ()
PyBytes_Concat ()
PyBytes_ConcatAndDel ()
PyBytes_DecodeEscape ()
PyBytes_FromFormat ()
PyBytes_FromFormatV ()
PyBytes_FromObject ()

PyBytes_FromString ()

PyBytes_FromStringAndSize ()

PyBytes_Repr ()
PyBytes_Size ()
PyBytes_Type
PyCFunction
PyCFunctionWithKeywords
PyCFunction_Call ()
PyCFunction_GetFlags ()
PyCFunction_GetFunction ()
PyCFunction_GetSelf ()
PyCFunction_New ()
PyCFunction_NewEx ()
PyCFunction_Type
PyCMethod_New ()
PyCalllter_ New()
PyCalllter_ Type
PyCallable_Check ()
PyCapsule_Destructor
PyCapsule_GetContext ()

PyCapsule GetDestructor ()

18
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e PyCapsule_GetName ()

e PyCapsule_GetPointer ()

e PyCapsule_Import ()

e PyCapsule_IsValid/()

e PyCapsule_New ()

e PyCapsule_SetContext ()

e PyCapsule_SetDestructor ()

e PyCapsule_SetName ()

e PyCapsule_SetPointer ()

e PyCapsule_Type

e PyClassMethodDescr_Type

e PyCodec_BackslashReplaceErrors ()
e PyCodec_Decode ()

e PyCodec_Decoder ()

e PyCodec_Encode ()

e PyCodec_Encoder ()

e PyCodec_IgnoreErrors ()

e PyCodec_IncrementalDecoder ()
e PyCodec_IncrementalEncoder ()
e PyCodec_KnownEncoding ()

e PyCodec_LookupError ()

e PyCodec_NameReplaceErrors ()
e PyCodec_Register ()

e PyCodec_RegisterError()

e PyCodec_ReplaceErrors ()

e PyCodec_StreamReader ()

e PyCodec_StreamWriter ()

e PyCodec_StrictErrors()

e PyCodec_Unregister()

e PyCodec_XMLCharRefReplaceErrors ()
e PyComplex_FromDoubles ()

e PyComplex_ImagAsDouble ()

e PyComplex_RealAsDouble ()

e PyComplex_Type

e PyDescr_NewClassMethod ()

e PyDescr_NewGetSet ()
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PyDescr_NewMember ()
PyDescr_NewMethod ()
PyDictItems_Type
PyDictIterItem_Type
PyDictIterKey_Type
PyDictIterValue_Type
PyDictKeys_Type
PyDictProxy_New ()
PyDictProxy_Type
PyDictRevIterItem Type

PyDictRevIterKey_ Type

PyDictRevIterValue_Type

PyDictValues_Type
PyDict_Clear ()
PyDict_Contains ()
PyDict_Copy ()
PyDict_DelItem/()
PyDict_DelltemString/()
PyDict_GetItem()

PyDict_GetItemString()

PyDict_GetItemWithError ()

PyDict_Items ()
PyDict_Keys ()
PyDict_Merge ()
PyDict_MergeFromSeqgZ2 ()
PyDict_New ()
PyDict_Next ()
PyDict_SetItem()
PyDict_SetItemString/()
PyDict_Size ()
PyDict_Type
PyDict_Update ()
PyDict_Values ()
PyEllipsis_Type
PyEnum_Type

PyErr BadArgument ()
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e PyErr BadInternalCall ()

e PyErr CheckSignals ()

e PyErr Clear()

e PyErr_ Display ()

e PyErr ExceptionMatches ()

e PyErr Fetch()

e PyErr Format ()

e PyErr_ FormatV ()

e PyErr GetExcInfo()

e PyErr GetHandledException ()

e PyErr GivenExceptionMatches ()

e PyErr NewException ()

e PyErr NewExceptionWithDoc ()

e PyErr NoMemory ()

e PyErr NormalizeException ()

e PyErr Occurred()

e PyErr Print ()

e PyErr PrintEx()

e PyErr_ProgramText ()

e PyErr ResourceWarning ()

e PyErr Restore()

e PyErr SetExcFromWindowsErr ()

e PyErr SetExcFromWindowsErrWithFilename ()
e PyErr SetExcFromWindowsErrWithFilenameObject ()
e PyErr SetExcFromWindowsErrWithFilenameObjects ()
e PyErr SetExcInfo ()

e PyErr SetFromErrno ()

e PyErr SetFromErrnoWithFilename ()

e PyErr SetFromErrnoWithFilenameObject ()
e PyErr SetFromErrnoWithFilenameObjects ()
e PyErr SetFromWindowsErr ()

e PyErr SetFromWindowsErrWithFilename ()

e PyErr SetHandledException ()

e PyErr SetImportError ()

e PyErr SetImportErrorSubclass ()

e PyErr SetInterrupt ()
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e PyErr_ SetInterruptEx()
e PyErr SetNone ()

e PyErr SetObject ()

e PyErr SetString()

e PyErr SyntaxLocation ()
e PyErr SyntaxLocationEx ()
e PyErr WarnEx ()

e PyErr WarnExplicit ()

e PyErr WarnFormat ()

e PyErr WriteUnraisable ()
e PyEval_AcquireLock ()

e PyEval_ AcquireThread()
e PyEval_ CallFunction ()

e PyEval_ CallMethod()

e PyEval_CallObjectWithKeywords ()
e PyEval EvalCode ()

e PyEval_FEvalCodeEx ()

e PyEval_ EvalFrame ()

e PyEval_FEvalFrameEx ()

e PyEval GetBuiltins()

e PyEval GetFrame ()

e PyEval_GetFuncDesc ()

e PyEval_ GetFuncName ()

e PyEval GetGlobals ()

e PyEval_ GetLocals ()

e PyEval_ InitThreads ()

e PyEval_ReleaseLock ()

e PyEval ReleaseThread/()
e PyEval_ RestoreThread()
e PyEval_SaveThread()

e PyEval ThreadsInitialized()
e PyExc_ArithmeticError

e PyExc_AssertionError

e PyExc_AttributeError

e PyExc_BaseException

e PyExc_BaseExceptionGroup
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e PyExc_BlockingIOError

e PyExc_BrokenPipeError

¢ PyExc_BufferError

e PyExc_BytesWarning

e PyExc_ChildProcessError

e PyExc_ConnectionAbortedError
e PyExc_ConnectionError

e PyExc_ConnectionRefusedError
e PyExc_ConnectionResetError
e PyExc_DeprecationWarning
e PyExc_EOFError

e PyExc_EncodingWarning

e PyExc_EnvironmentError

e PyExc_Exception

e PyExc_FileExistsError

e PyExc_FileNotFoundError

e PyExc_FloatingPointError
e PyExc_FutureWarning

e PyExc_GeneratorExit

e PyExc_IOError

e PyExc_TImportError

e PyExc_TImportWarning

e PyExc_IndentationError

e PyExc_IndexError

¢ PyExc_InterruptedError

e PyExc_TIsADirectoryError

e PyExc_KeyError

¢ PyExc_KeyboardInterrupt

e PyExc_LookupError

e PyExc_MemoryError

¢ PyExc_ModuleNotFoundError
e PyExc_NameError

e PyExc_NotADirectoryError
e PyExc_NotImplementedError
e PyExc_OSError

e PyExc_OverflowError
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PyExc_PendingDeprecationWarning

PyExc_PermissionError
PyExc_ProcessLookupError
PyExc_RecursionError
PyExc_ReferenceError
PyExc_ResourceWarning
PyExc_RuntimeError
PyExc_RuntimeWarning
PyExc_StopAsynclteration
PyExc_StopIteration
PyExc_SyntaxError
PyExc_SyntaxWarning
PyExc_SystemError
PyExc_SystemExit
PyExc_TabError
PyExc_TimeoutError
PyExc_TypeError
PyExc_UnboundLocalError
PyExc_UnicodeDecodeError
PyExc_UnicodeEncodeError
PyExc_UnicodeError
PyExc_UnicodeTranslateError
PyExc_UnicodeWarning
PyExc_UserWarning
PyExc_ValueError
PyExc_Warning
PyExc_WindowsError
PyExc_ZeroDivisionError
PyExceptionClass_Name ()
PyException_GetCause ()
PyException_GetContext ()
PyException_GetTraceback ()
PyException_SetCause ()
PyException_SetContext ()
PyException_SetTraceback ()

PyFile_ FromFd/()
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e PyFile GetLine()

e PyFile WriteObject ()

e PyFile WriteString/()

e PyFilter_ Type

e PyFloat_AsDouble ()

e PyFloat_FromDouble ()

e PyFloat_FromString ()

e PyFloat_GetInfo()

e PyFloat_GetMax ()

e PyFloat_GetMin ()

e PyFloat_Type

e PyFrameObject

e PyFrame_GetCode ()

e PyFrame_GetLineNumber ()

e PyFrozenSet_New ()

e PyFrozenSet_Type

e PyGC_Collect ()

e PyGC_Disable ()

e PyGC_Enable ()

e PyGC_IsEnabled()

e PyGILState_Ensure ()

e PyGILState_GetThisThreadState ()
e PyGILState_Release()

e PyGILState_ STATE

e PyGetSetDef

e PyGetSetDescr_Type

e PyImport_AddModule ()

e PyImport_AddModuleObject ()
e PyImport_AppendInittab ()

e PyImport_ExecCodeModule ()

e PyImport_ExecCodeModuleEx ()
e PyImport_ExecCodeModuleObject ()
e PyImport_ExecCodeModuleWithPathnames ()
e PyImport_GetImporter ()

e PyImport_GetMagicNumber ()

e PyImport_GetMagicTaqg ()
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PyImport_GetModule ()
PyImport_GetModuleDict ()
PyImport_Import ()
PyImport_ImportFrozenModule ()
PyImport_ImportFrozenModuleObject ()
PyImport_ImportModule ()
PyImport_ImportModuleLevel ()
PyImport_ImportModuleLevelObject ()
PyImport__ImportModuleNoBlock ()
PyImport_ReloadModule ()
PyIndex_Check ()
PyInterpreterState
PyInterpreterState_Clear ()
PyInterpreterState_Delete ()
PyInterpreterState_Get ()
PyInterpreterState_GetDict ()
PyInterpreterState_GetID()
PyInterpreterState_New ()
PyIter_Check ()

PyIter_Next ()

PyIter_Send()

PyListIter_ Type
PyListRevIter_Type
PyList_Append()
PyList_AsTuple ()
PyList_GetItem()
PyList_GetSlice()
PyList_Insert ()

PyList_New()

PyList_Reverse ()
PyList_SetItem()
PyList_SetSlice()
PyList_Size()

PyList_Sort ()

PyList_Type

PyLongObject

26

Chapter 2. C API Stability



The Python/C API, 2i2|A 3.11.14

¢ PyLongRangeIter_Type

e PyLong AsDouble ()

e PyLong_AsLong()

e PylLong AsLongAndOverflow ()
e PyLong_AsLongLong ()

e PyLong AsLongLongAndOverflow ()
e PyLong AsSize_t ()

e PyLong_AsSsize_t ()

e PyLong_AsUnsignedLong ()

e PyLong AsUnsignedLongLong ()
e PyLong_AsUnsignedLongLongMask ()
e PyLong AsUnsignedLongMask ()
e PyLong _AsVoidPtr ()

e PyLong FromDouble ()

e PylLong_ FromLong()

e PyLong_FromLongLong ()

e PyLong FromSize_ t ()

e PyLong _FromSsize_t ()

e PyLong_FromString/()

e PyLong_FromUnsignedLong ()

e PyLong FromUnsignedLongLong ()
e PyLong_FromVoidPtr ()

e PyLong_GetInfo ()

e PyLong Type

e PyMap_Type

e PyMapping_ Check ()

e PyMapping_GetItemString()

e PyMapping_HasKey ()

e PyMapping HasKeyString()

e PyMapping Items ()

e PyMapping_Keys ()

e PyMapping_Length ()

e PyMapping SetItemString/()

e PyMapping Size ()

e PyMapping_Values ()

e PyMem Calloc()
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PyMem Free /()
PyMem_Malloc ()

PyMem Realloc ()
PyMemberDef
PyMemberDescr_Type
PyMemoryView_FromBuffer ()
PyMemoryView_FromMemory ()
PyMemoryView_FromObject ()
PyMemoryView_GetContiguous ()
PyMemoryView_Type
PyMethodDef
PyMethodDescr_Type
PyModuleDef

PyModuleDef Base
PyModuleDef Init ()
PyModuleDef_Type
PyModule_AddFunctions ()
PyModule_ AddIntConstant ()
PyModule_AddObject ()
PyModule_AddObjectRef ()
PyModule_AddStringConstant ()
PyModule_ AddType ()
PyModule_ Createl2 ()
PyModule_ ExecDef ()
PyModule_FromDefAndSpecZ2 ()
PyModule_ GetDef ()
PyModule_GetDict ()
PyModule_GetFilename ()
PyModule_GetFilenameObject ()
PyModule_ GetName ()
PyModule_GetNameObject ()
PyModule_GetState()
PyModule_New ()
PyModule_NewObject ()
PyModule_SetDocString ()

PyModule_Type
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e PyNumber_ Absolute ()

e PyNumber_ Add ()

e PyNumber_ And ()

e PyNumber AsSsize_t ()

e PyNumber_Check ()

e PyNumber_ Divmod ()

e PyNumber_ Float ()

e PyNumber_ FloorDivide ()

e PyNumber_InPlaceAdd/ ()

e PyNumber_InPlaceAnd ()

e PyNumber_ InPlaceFloorDivide ()
e PyNumber_InPlaceLshift ()

e PyNumber_InPlaceMatrixMultiply ()
e PyNumber_InPlaceMultiply ()
e PyNumber_ InPlaceOr ()

e PyNumber_InPlacePower ()

e PyNumber_InPlaceRemainder ()
e PyNumber_InPlaceRshift ()

e PyNumber_ InPlaceSubtract ()
e PyNumber_InPlaceTrueDivide ()
e PyNumber_InPlaceXor ()

e PyNumber_Index ()

e PyNumber_Invert ()

e PyNumber_Long ()

e PyNumber_Lshift ()

e PyNumber MatrixMultiply ()

e PyNumber_Multiply ()

e PyNumber_ Negative ()

e PyNumber_Or ()

e PyNumber_Positive ()

e PyNumber_Power ()

e PyNumber_Remainder ()

e PyNumber_ Rshift ()

e PyNumber_Subtract ()

e PyNumber_ToBase ()

e PyNumber_ TrueDivide ()
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PyNumber_Xor ()
PyOS_AfterFork ()
PyOS_AfterFork Child()
PyOS_AfterFork_Parent ()
PyOS_BeforeFork ()
PyOS_CheckStack ()
PyOS_FSPath ()
PyOS_InputHook
PyOS_InterruptOccurred()
PyOS_double_to_string()
PyOS_getsig()
PyOS_mystricmp ()
PyOS_mystrnicmp ()
PyOS_setsig()
PyOS_sighandler_t
PyOS_snprintf ()
PyOS_string to_double ()
PyOS_strtol ()
PyOS_strtoul ()
PyOS_vsnprintf ()
PyObject
PyObject.ob_refcnt
PyObject.ob_type
PyObject_ASCII()

PyObject_AsCharBuffer()

PyObject_AsFileDescriptor ()

PyObject_AsReadBuffer ()
PyObject_AsWriteBuffer()
PyObject_Bytes ()
PyObject_Call ()

PyObject_CallFunction ()

PyObject_CallFunctionObjArgs ()

PyObject_CallMethod ()

PyObject_CallMethodObjArgs ()

PyObject_CallNoArgs ()

PyObject_CallObject ()
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PyObject_Calloc ()
PyObject_CheckBuffer ()
PyObject_CheckReadBuffer ()
PyObject_ClearWeakRefs ()
PyObject_CopyData ()
PyObject_DelItem/()
PyObject_DelltemString()
PyObject_Dir ()
PyObject_Format ()
PyObject_Free ()
PyObject_GC_Del ()
PyObject_GC_IsFinalized()
PyObject_GC_IsTracked()
PyObject_GC_Track()
PyObject_GC _UnTrack ()
PyObject_GenericGetAttr ()
PyObject_GenericGetDict ()
PyObject_GenericSetAttr()
PyObject_GenericSetDict ()
PyObject_GetAIter()
PyObject_GetAttr()
PyObject_GetAttrString/()
PyObject_GetBuffer ()
PyObject_GetItem()
PyObject_GetIter()
PyObject_HasAttr ()
PyObject_HasAttrString()

PyObject_Hash ()

PyObject_HashNotImplemented ()

PyObject_Init ()
PyObject_InitVar()
PyObject_IsInstance()
PyObject_IsSubclass ()
PyObject_IsTrue ()
PyObject_Length ()
PyObject_Malloc ()

2.3. Contents of Limited API
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PyObject_Not ()
PyObject_Realloc ()
PyObject_Repr()
PyObject_RichCompare ()
PyObject_RichCompareBool ()
PyObject_SelflIter ()
PyObject_SetAttr()
PyObject_SetAttrString/()
PyObject_SetItem()
PyObject_Size ()
PyObject_Str ()
PyObject_Type ()
PyProperty_ Type
PyRangelIter_Type
PyRange_Type
PyReversed_Type
PySeqgIter_New()
PySeqlter_ Type
PySequence_Check ()
PySequence_Concat ()
PySequence_Contains ()
PySequence_Count ()
PySequence_DelItem()
PySequence_DelSlice ()
PySequence_Fast ()
PySequence_GetItem()
PySequence_GetSlice ()
PySequence_In()
PySequence_InPlaceConcat ()
PySequence_InPlaceRepeat ()
PySequence_Index ()
PySequence_Length ()
PySequence_List ()
PySequence_Repeat ()
PySequence_SetItem()

PySequence_SetSlice ()
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e PySequence_Size ()

e PySequence_Tuple ()

e PySetIter_Type

e PySet_Add()

e PySet_Clear()

e PySet_Contains()

e PySet_Discard()

e PySet_New()

e PySet_Pop ()

e PySet_Size()

e PySet_Type

e PySlice_AdjustIndices()

e PySlice_GetIndices ()

e PySlice _GetIndicesEx()

e PySlice_New/()

e PySlice_Type

e PySlice _Unpack/()

e PyState_AddModule ()

e PyState_FindModule ()

e PyState_RemoveModule ()

e PyStructSequence_Desc

e PyStructSequence_Field

e PyStructSequence_GetItem()
e PyStructSequence_New ()

e PyStructSequence_NewType ()
e PyStructSequence_SetItem()
e PyStructSequence_UnnamedField
e PySuper_Type

e PySys_AddWarnOption ()

e PySys_AddWarnOptionUnicode ()
e PySys_AddXOption ()

e PySys_FormatStderr ()

e PySys_FormatStdout ()

e PySys_GetObject ()

e PySys_GetXOptions ()

e PySys_HasWarnOptions ()
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PySys_ResetWarnOptions ()
PySys_SetArgv()
PySys_SetArgvEx ()
PySys_SetObject ()
PySys_SetPath ()
PySys_WriteStderr ()
PySys_WriteStdout ()
PyThreadState
PyThreadState_Clear ()
PyThreadState_Delete()
PyThreadState_Get ()
PyThreadState_GetDict ()
PyThreadState_GetFrame ()
PyThreadState_GetID ()
PyThreadState_GetInterpreter ()
PyThreadState_New ()
PyThreadState_SetAsyncExc ()
PyThreadState_Swap ()
PyThread_GetInfo ()

PyThread ReInitTLS ()
PyThread_acquire_lock ()
PyThread_acquire_lock_timed ()
PyThread_allocate_lock ()
PyThread _create_key ()
PyThread _delete_key ()
PyThread delete_key_value/()
PyThread _exit_thread()
PyThread_free_lock ()
PyThread_get_key_value ()
PyThread_get_stacksize ()
PyThread _get_thread_ident ()
PyThread_get_thread native_id()
PyThread_init_thread()
PyThread_release_lock ()
PyThread_set_key_value ()

PyThread_set_stacksize ()
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e PyThread_start_new_thread()
e PyThread_tss_alloc()

e PyThread_ tss_create()

e PyThread_ tss_delete()

e PyThread_tss_free/()

e PyThread_tss_get ()

e PyThread tss_1is_created()
e PyThread_tss_set ()

e PyTraceBack_Here ()

e PyTraceBack_Print ()

e PyTraceBack_Type

e PyTuplelIter_Type

e PyTuple_GetItem()

e PyTuple GetSlice ()

e PyTuple New()

e PyTuple_Pack ()

e PyTuple_SetItem()

e PyTuple_Size ()

e PyTuple_Type

e PyTypeObject

e PyType ClearCache ()

e PyType_FromModuleAndSpec ()
e PyType_FromSpec()

e PyType_ FromSpecWithBases ()
e PyType_GenericAlloc ()

e PyType_GenericNew ()

e PyType GetFlags ()

e PyType GetModule ()

e PyType_GetModuleState ()

e PyType_GetName ()

e PyType_GetQualName ()

e PyType_GetSlot ()

e PyType_IsSubtype ()

e PyType Modified()

e PyType_ Ready ()

e PyType_Slot

2.3. Contents of Limited API 35



The Python/C API, 2i2|A 3.11.14

PyType_Spec

PyType_Type
PyUnicodeDecodeError_Create ()
PyUnicodeDecodeError_GetEncoding ()
PyUnicodeDecodeError_GetEnd/()
PyUnicodeDecodeError_GetObject ()
PyUnicodeDecodeError._GetReason ()
PyUnicodeDecodeError_GetStart ()
PyUnicodeDecodeError_SetEnd()
PyUnicodeDecodeError_SetReason ()
PyUnicodeDecodeError_SetStart ()
PyUnicodeEncodeError_GetEncoding ()
PyUnicodeEncodeError_GetEnd ()
PyUnicodeEncodeError_GetObject ()
PyUnicodeEncodeError_GetReason ()
PyUnicodeEncodeError_GetStart ()
PyUnicodeEncodeError_SetEnd()
PyUnicodeEncodeError._SetReason ()
PyUnicodeEncodeError_SetStart ()
PyUnicodelIter_Type
PyUnicodeTranslateError_GetEnd()
PyUnicodeTranslateError_GetObject ()
PyUnicodeTranslateError_GetReason ()
PyUnicodeTranslateError_GetStart ()
PyUnicodeTranslateError_SetEnd()
PyUnicodeTranslateError_SetReason ()
PyUnicodeTranslateError_SetStart ()
PyUnicode_Append ()
PyUnicode_AppendAndDel ()
PyUnicode_ AsASCIIString()
PyUnicode_AsCharmapString ()
PyUnicode_AsDecodedObject ()
PyUnicode_AsDecodedUnicode ()
PyUnicode_AsEncodedObject ()
PyUnicode_AsEncodedString ()

PyUnicode_AsEncodedUnicode ()
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e PyUnicode_ AsLatinlString/()

e PyUnicode_AsMBCSString()

e PyUnicode_AsRawUnicodeEscapeString ()
e PyUnicode_AsUCS4 ()

e PyUnicode_AsUCS4Copy ()

e PyUnicode_AsUTF16String()

e PyUnicode_AsUTF32String()

e PyUnicode AsUTF8AndSize ()

e PyUnicode_AsUTF8String()

e PyUnicode_AsUnicodeEscapeString()
e PyUnicode_ AsWideChar ()

e PyUnicode_AsWideCharString ()

e PyUnicode_BuildEncodingMap ()

e PyUnicode_Compare ()

e PyUnicode_CompareWithASCIIString()
e PyUnicode_Concat ()

e PyUnicode_Contains ()

e PyUnicode_Count ()

e PyUnicode_Decode ()

e PyUnicode_DecodeASCII ()

e PyUnicode_DecodeCharmap ()

e PyUnicode_DecodeCodePageStateful ()
e PyUnicode_DecodeFSDefault ()

e PyUnicode_DecodeFSDefaultAndSize ()
e PyUnicode_DecodeLatinl ()

e PyUnicode_DecodeLocale ()

e PyUnicode_DecodeLocaleAndSize ()

e PyUnicode_DecodeMBCS ()

e PyUnicode_DecodeMBCSStateful ()

e PyUnicode_DecodeRawUnicodeEscape ()
e PyUnicode_DecodeUTF16 ()

e PyUnicode_DecodeUTFlé6Stateful ()

e PyUnicode_DecodeUTF32 ()

e PyUnicode_DecodeUTF32Stateful ()

e PyUnicode_DecodeUTFE7 ()

e PyUnicode_DecodeUTF7Stateful ()
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PyUnicode_DecodeUTFS8 ()
PyUnicode_DecodeUTF8Stateful ()
PyUnicode_DecodeUnicodeEscape ()
PyUnicode_EncodeCodePage ()
PyUnicode_FEncodeFSDefault ()
PyUnicode_EncodeLocale ()
PyUnicode_FSConverter ()
PyUnicode_FSDecoder ()
PyUnicode_Find/()
PyUnicode_FindChar ()
PyUnicode_Format ()
PyUnicode_FromEncodedObject ()
PyUnicode_ FromFormat ()
PyUnicode_FromFormatV ()
PyUnicode_FromObject ()
PyUnicode_FromOrdinal ()
PyUnicode_FromString()
PyUnicode_FromStringAndSize ()
PyUnicode_FromWideChar ()
PyUnicode_GetDefaultEncoding ()
PyUnicode_GetLength ()
PyUnicode_GetSize ()
PyUnicode_InternFromString/()
PyUnicode_InternImmortal ()
PyUnicode_InternInPlace ()
PyUnicode_IsIdentifier ()
PyUnicode_Join ()
PyUnicode_Partition ()
PyUnicode_RPartition()
PyUnicode_RSplit ()
PyUnicode_ReadChar ()
PyUnicode_Replace ()
PyUnicode_Resize ()
PyUnicode_RichCompare ()
PyUnicode_Split ()

PyUnicode_Splitlines()
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e PyUnicode_Substring()
e PyUnicode_Tailmatch ()
e PyUnicode_Translate ()
e PyUnicode_Type

e PyUnicode_WriteChar ()
e PyVarObject

e PyVarObject.ob_base

e PyVarObject.ob_size

¢ PyWeakReference

e PyWeakref_ GetObject ()
e PyWeakref NewProxy ()

e PyWeakref NewRef ()

e PyWrapperDescr_Type

e PyWrapper_New ()

e PyZip_Type

e Py AddPendingCall ()

e Py AtExit ()

e Py BEGIN_ALLOW_THREADS
e Py BLOCK_THREADS

e Py BuildValue ()

e Py _BytesMain ()

e Py CompileString/()

e Py _DecRef ()

e Py DecodeLocale ()

e Py END ALLOW_THREADS

e Py _EncodeLocale ()

e Py EndInterpreter()

e Py _EnterRecursiveCall ()
e Py Exit ()

e Py FatalError()

e Py FileSystemDefaultEncodeErrors
e Py FileSystemDefaultEncoding
e Py Finalize()

e Py FinalizeEx()

e Py GenericAlias ()

e Py GenericAliasType
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Py_GetBuildInfo ()

Py _GetCompiler ()

Py GetCopyright ()
Py_GetExecPrefix()
Py_GetPath()
Py_GetPlatform()

Py GetPrefix()
Py_GetProgramFullPath ()
Py _GetProgramName ()
Py GetPythonHome ()
Py_GetRecursionlLimit ()

Py GetVersion ()

Py_HasFileSystemDefaultEncoding

Py IncRef ()

Py Initialize()

Py InitializeEx()
Py_Is()

Py IsFalse()
Py_IsInitialized()
Py_IsNone ()
Py_IsTrue()
Py_LeaveRecursiveCall ()
Py_Main()
Py_MakePendingCalls ()
Py _NewInterpreter ()
Py_NewRef ()
Py_ReprEnter ()
Py_ReprLeave ()
Py_SetPath ()
Py_SetProgramName ()
Py SetPythonHome ()
Py_SetRecursionLimit ()
Py UCS4
Py_UNBLOCK_THREADS
Py_UTF8Mode

Py_VaBuildValue ()
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e Py _Version

e Py XNewRef ()
e Py buffer

e Py_intptr_t

e Py ssize_t

e Py_uintptr_t
e allocfunc

e binaryfunc

e descrgetfunc
e descrsetfunc
e destructor

e getattrfunc

e getattrofunc
e getiterfunc

e getter

e hashfunc

e initproc

e inquiry

e iternextfunc
e lenfunc

e newfunc

e Objobjargproc
e Objobjproc

e reprfunc

e richcmpfunc

e setattrfunc

e setattrofunc
e setter

e ssizeargfunc
e ssizeobjargproc
e ssizessizeargfunc
e ssizessizeobjargproc
e symtable

e ternaryfunc

e traverseproc

e unaryfunc
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e Visitproc
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int Py_Main (int argc, wchar_t **argv)
Part of the 27 ABL The main program for the standard interpreter. This is made available for programs which
embed Python. The argc and argv parameters should be prepared exactly as those which are passed to a C program’
smain () function (converted to wchar_t according to the user’ s locale). It is important to note that the argument
list may be modified (but the contents of the strings pointed to by the argument list are not). The return value will

be 0 if the interpreter exits normally (i.e., without an exception), 1 if the interpreter exits due to an exception, or
2 if the parameter list does not represent a valid Python command line.

Note that if an otherwise unhandled SystemExit is raised, this function will not return 1, but exit the process,
aslong as Py_InspectFlag is not set.

int Py_BytesMain (int argc, char **argv)
Part of the 97 ABI ¥ A 3.8 o| & 2., Similar to Py_Main () but argv is an array of bytes strings.
W 3.8 7}

int PyRun_AnyFile (FILE *fp, const char *filename)
ob& PyRun_AnyFileExFlags () & ©<3}H A o)A~ YtTh closeit-S 02 2 flags= NULLE A
e Az dAF U

int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)

o}e] PyRun_AnyFileExFlags () 9 T3 Qg o] A YT o] AL closeit JAALE 002 AAH
e E FAF U
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int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)
ote] PyRun_AnyFileExFlags () 9 W38 AE 3 o]~ YUt o] -2 flags AAHE NULLE H A H
FHE FAF U

int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
7t H3A A (ZEold Huld d8olu 2 oA Hujd) e 4249 atds 7hel 71 |,
PyRun_InteractiveLoop ()% k< HF3tslal, 228X 9499 PyRun_SimpleFile ()9 A3}
E WUt} filename2 319 Al2~® T Y (sys.getfilesystemencoding ())& YFI Y
HUth filenameo] NULLO| W, o] &4 £ stdyg oz "222" & AFE UL cdoseiro] o],
PyRun_SimpleFileExFlags () ©] ¥H&sl7] Hof 5t o] &3t

int PyRun_SimpleString (const char *command)
o}#] PyRun_SimpleStringFlags () & ©<3ld QA H o)A dUth PycompilerFlags* QAS
NULLE 249 A= FAFUT

int PyRun_SimpleStringFlags (const char *command, PyCompilerFlags *flags)
flags 1A} e} _ main_ REONA commandol = Tto]lH a2~ FEE AP UTE _ main
o] TAYskA Foe® vbEUTH 4Fsd 02, ol 7Fd A S —15 Rk Th o g7 QLo H, o 9
g QL P ol AT flags) o vl obel & B2 A L.
Note that if an otherwise unhandled Sy stemExit is raised, this function will not return —1, but exit the process,
aslong as Py_ InspectFlag is not set.

int PyRun_SimpleFile (FILE *fp, const char *filename)
ol# PyRun_SimpleFileExFlags () & ©@<3te Qg H o)Attt closeitS 0 2 E, flagsS NULL
= A48 AH 2 AT

int PyRun_SimpleFileEx (FILE *fp, const char *filename, int closeit)
ob# PyRun_SimpleFileExFlags () & ©<3tH Qe F o] AU flugsE NULLE A H AE| 2
HAw Y

int PyRun_SimpleFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
PyRun_SimpleStringFlags () & ¥R eHA T Wl R e & FAHE thAl fpoll A St A~ FE

£ A5 Utk filename-2 3+ 9] o] Folojof 3t StUAAE Q1T I} of ] Al 7= Y ad g
closeit©] o] ™ PyRun_SimpleFileExFlags () 7} ¥t&st7] Ao 5t o] 23yt

Fa: A=A, fp=vtelye REE dojoktt (o] & £¢] fopen (filename, "rb")). 18
A ko, SO M LF & F57T I 2THE LS SvtEA A A £ 4 dHFUTh

int PyRun_InteractiveOne (FILE *fp, const char *filename)
ob#]l PyRun_InteractiveOneFlags () & ©@<=3td A€ H o]~ YUTh flagsS NULLE A3 & A
2 gAFYTH

int PyRun_InteractiveOneFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
flags QA1) whe} hsh4) G 9k ABA oA T L 9T AT sys.psi T eys.ps?
£ }8-3t0] AFg Aol A =B E G T filenamee 59 A 5 91593} o] 4] 7] 2 H =g oo
Qejo) Ao AYD w02, 1917 QoW 1, EE T 24 ofej7} glow shol i ARz
W ZH errcode.h AFFE Fdof Yt o2 F=Z PAFYth (errcode.ht Python.hoA
JANFFTohA] 7] wfFofl R otH 53] AFFE5) oF el Ko st A L)

int PyRun_InteractiveLoop (FILE *fp, const char *filename)

ob#]l PyRun_InteractiveLoopFlags () & ©<stE Qe FH oAUt flagsE NULLEZ A A A 4

B2 g Aw Tk
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int PyRun_InteractiveLoopFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
EOF ol =& & wj 7bA] th 3} 4] 4| ¢ Add shdol A E4= 2 AFAUTh sys.psl P sys.ps2
2 A-85h0] AL8 ARl A ZEZE SH T flename & 31 A| 251 9155} ol 2 72 7] = T 20 Lk
EOFol A 02 whaal AL}, A sl el g4-2 whabgh oy,

int (*PyOS_InputHook)(void)
Part of the S ABL. Z2EE}Y] int func (void) ¢ SF+E 71|71 =& A AT 4 AdF ULt o] g
ol JH LY ZEZET} | ?r*JEHﬂEll oo ALgaL g2 7nel g g o &
F Uk wEsE g BAH U o] B2 A F Bt AL sho] A A2 FE Y Modules/ tkinter.c
Sl B ANY AB TS TEZES OLE o NE F2 o} B o] A8E 5 A% Uk

char *(*PyOS_ReadlineFunctionPointer)(FILE*, FILE*, const char*)
Z 2 EEY] char *func (FILE *stdin, FILE *stdout, char *prompt) ¢l &
= dAspel defaoleel sgaeo ) 0d U8 32 gl 8w oE B
0‘*141‘/} o] g NULLOI oty #A4 prompt—a—aﬁ D} Aled 25 A9 34
93 A FAE S v Zojgta 7 Yt A& yreadllne—‘—%%() =
AT | 24 752 AT HUTh

A= pyMem RawMalloc () ©|VF PyMem_RawRealloc () 02 StE Bx1Y o] Ar, o 2] 7 A3 3
S NULL o] o of gt

WA 340l A WA BFE PyMem Malloc ()Y PyMem Realloc ()22 #3tE o4,
PyMem_RawMalloc () ©|U PyMem_ RawRealloc () & & 33| oF gt
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PyObject *PyRun_String (const char *str, int start, PyObject *globals, PyObject *locals)
WhE gk A F R, okl PyRun_StringFlags ()9 ©<e3tE A H o)A YT o] AL flagsE NULL
2 A9 dHz AT UL
PyObject *PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *locals, PyCompilerFlags
*flags)
wEzk: A AR flags2 AR E ALY Ze 1S AFR 5L globals=} locals A 2 A A H ﬂ‘f_‘liEoﬂ
A strof| A shol W s FEE AP T globals= Y A U g o] o] oF g E]-. locals="|3 T2 & F

FASE RE AL D 5 AGUTE WA WP v o2 TEE FE EATE o 4B o S
A A =2 AT
=S AW ATE shold AH 2 NASALL, o) 7h B HE NULLES WA G T

PyObject *PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals)
WEEk gk A 2. obd PyRun_FileExFlags ()9 ©@<estE AE H ol A~YUTh closeitS 022, flagsE
NULLE A9 A2 GAFYTH

PyObject *PyRun_FileEx (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals, int closeit)
WhE gk A F2. ol PyRun_FileExFlags ()2 TrshE Qe | o] 2~ UTh flagsE NULLE A%
FHE FAF U

PyObject *PyRun_FileFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *1ocals,

PyCompilerFlags *flags)
HEeRZk: A R, ot PyRun_FileExFlags ()] @3 AE s o)A YUt closeirs 0 22 A7 4
S E FAF U
PyObject *PyRun_FileExFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals, int
closeit, PyCompilerFlags *flags)
w3zl A R, PyRun_StringFlags ()& FAFSHA| 9 Thol W A2 F ==y E 2o Q)

AL fpell A %43‘41’/}.ﬁlename—: st ojojok et FFUA|AF QT ol 2] A7 = "4;—’%‘
closeit©] 0| ¥ PyRun_FileExFlags ()7} Wt&E 7] Aoj gt o] 2§ Yt

£
At
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PyObject *Py_CompileString (const char *str, const char *filename, int start)
WL Zk: A ZZ. Part of the QH ABL o}&)] Py _CompileStringFlags () o] ©<std AEH o]~ Y
Ut flagsE NULLE A A E A2 52 &t}

PyObject *Py_CompileStringFlags (const char *str, const char *filename, int start, PyCompilerFlags *flags)
WrE 7k A ZZ. o8] Py CompileStringExFlags () & ©@<=3td QA E o] o] 2~ YU Ut} optimizeS -1
Z AR AHZ FAFYLL

PyObject *Py_CompileStringObject (const char *str, PyObject *filename, int start, PyCompilerFlags *flags, int

optimize)
W A FE sl Sl ol A FEE FE FASHL FAupdste] 23 I = A E W
Utk A% 22 san 2ol Atk o A ATAD 5 Y RES ARt ol A48T 5 9
Py_eval_input, Py_file input ¥ Py _single_input©] ook Ut} filename O 2 A

%
Adme T AANE FASE g AL 1 Ed o] Aol SyntaxError o 9] W A Ao L}E}
o]AqE} Fe2 ZE BT QALY A9 e 4 glow nuLLS wake T

734 optimize= %ﬁ%‘?zlﬂi?%A’“ﬂ T AZIUL -1 g2 -0 FHoE FoIX AA ™ AH L2 E
g HA FES AT UT BAA £22 0 (F A3 {5 __debug__7F3), 1 (A ] A AH L
__debug_ 7} AR) E=2 (FLEH = AAG Y Gtk

W 3400 F71.

PyObject *Py_CompileStringExFlags (const char *str, const char *filename, int start, PyCompilerFlags *flags,
int optimize)
BkSzk: A F%. Py CompileStringObject ()& -FAVSA] B, filename-S 5t A A 2~ 8l 0] 51 1) 31} of 2

A2l 7|2 I H vpo] E FAHE Y th
WA 3200 7}

PyObject *PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *1ocals)
WEBHgE: A RE. Part of the %A ABL o] AL TE AAS} Aol W4 w Ao Wew 9,
PyEval_EvalCodeEx ()2 ©&31d AEH oladUrch thE QA x}E=NULLE A FFH YTk

PyObject *PyEval_EvalCodeEx (PyObject *co, PyObject *globals, PyObject *locals, PyObject *const *args, int
argcount, PyObject *const *kws, int kwcount, PyObject *const *defs, int defcount,
PyObject *kwdefs, PyObject *closure)
WL Al R E. Part of the <173 ABL Fo]3 75 918 54 S0 A, vl FAadd Z= AAE
BT o] B4 "ol Wso] g e, X o] W] g A, Aol M, 71 =9} 7] 3,
A= Ag AR 7B YAV L A F2A RS TP

PyObject *PyEval_EvalFrame (PyFrameObject *f)
B A RR. Part of the <17 ABL A8 | Q& FrHghch oA MAF 8L AT
PyEval_EvalFrameEx ()2 ©@<3}4 <l Ei Jﬂ o] <] ]/] 22

=
o

3
i
4 3}
g4

PyObject *PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)

W3k gk A 2. Part of the 9V ABL 0] A2 Fho] A QlE| m 2] E 9] W9, 22u] 2] ¢ Fr5¢ Ut A3
i?—ﬂ‘%lfﬂr":‘ 3= 7“7417}“5“9‘45} 2o me}rlelE IEE SNt S ATt
57} throwflag P 7] A= A 2 FA1 S 5= 5 U - o], A9 7F S A A st = = g o Al v @)

ol 8 A2l throw () HlA=o] Ab&E Ut}
WA 34004 R o] T oA B4 A9 E 283 WA FREA A EF =L oL
ol A& 3Tk
int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)
o] L= HArh g o Zeas WAy, AL FL, AnstH ARL waa )

int Py_eval_input
A28 BAA S 98 Fhol M £ o) A& 7 %; Py Compilestring () 7 B AHS T

Al

X
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intPy_file_input

SO 8 sl 9 R0 N ALE S8 shol 8 S AR5 £y Conpisestring ()3}
B S IITE QIR 2 Tho] W 4s TEE A AT Wl AgE AT

int Py_single_input
S BAS AR gl O A 71 % Py CompileString ()3 @A AME U TR iS4 A E
Z 2B F2o A= 7YY
struct PyCompilerFlags
oA ALY FHIE Fe U ASHE FRAYUT. ZE=T AL 7R 5k 7 o—r int
flagsi AGE 11, =7 A8 s = Z$ PyCompilerFlags *flags?._ AZF Utk o] 49, from
_ future__ import¥+ flagss AT = AdH5 YT}

PyCompilerFlags *flags 7} NULL ¥ uwjult} cf flagse 03 Zthd HFFHUW, from
_ future_ importZ Qs 4+AHL ‘H%‘%E}'

intcf_flags
CEDEET
int cf_feature_version
cf _feature_version-2 £ 5}o] A WA YUt PY_MINOR_VERSIONCS & % 7|3}5 of of g T},
ol A= E 7|2 Ao FAF W, PyCF_ONLY_AST e L7} cf flagsol A" -7l A&
g,
v A 3.8 A WA ¢f_feature_version BEE 7} 45 Y th
int CO_FUTURE_DIVISION
flagsN A ] M| EE A 3}A PEP 2380 whel Ur7] A4kR}; /& “A 4 U7 (true division)” 2 3f A 5
=% gk

47
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it
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ol
4

The macros in this section are used for managing reference counts of Python objects.
void Py_ INCREF (PyObject *0)
Indicate taking a new strong reference to object o, indicating it is in use and should not be destroyed.

This function is usually used to convert a borrowed reference to a strong reference in-place. The Py_NewRef ()
function can be used to create a new strong reference.

When done using the object, release it by calling Py DECREF ().
A A= NULL & 4 Q155 Ut NULL o] obd 2] B4 8HA] 9F 0™, Py XINCREF () & A Al L.
Do not expect this function to actually modify o in any way.

void Py_ XINCREF (PyObject *0)
Similar to Py_ TNCREF (), but the object o can be NULL, in which case this has no effect.

See also Py XNewRef ().

PyObject *Py_NewRe£ (PyObject *0)

Part of the F4 ABI ¥ A 3.10 ©] 3 2. Create a new strong reference to an object: call Py INCREF () on o and
return the object o.

When the strong reference is no longer needed, Py_DECREF () should be called on it to release the reference.
The object o must not be NULL; use Py_ XNewRef () if o can be NULL.

dE E99:

Py_INCREF (obj) ;
self->attr = obj;

can be written as:

[self—>attr = Py_NewRef (obj) ;

49
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See also Py_ TNCREF ().
H A 3.109) F7}
PyObject *Py_XNewRef£ (PyObject *0)
Part of the F4 ABI ¥ A 3.10 ©] 2 2. Similar to Py_NewRef (), but the object o can be NULL.
If the object o is NULL, the function just returns NULL.
WA 3.109) =7}
void Py_ DECREF (PyObject *0)
Release a strong reference to object o, indicating the reference is no longer used.

upA o e 22 A (5 AR FaE A5rh00] 5 W), AR @) BF A F4 (= A NULL

o] oh]o]oF &L th 7} & Tk
This function is usually used to delete a strong reference before exiting its scope.
AA = NULL € < 25U TH NULL o] obd x| B sHA] ¢f 21, Py XDECREF () & AH&-SHA Al 2.

Do not expect this function to actually modify o in any way.

A A T4 999 stol W FETZEHEE T 5 JSUTH(EIE o, __del_ ()
HAZ7E e e dad8 a7 S A2 uf)). o] 23 ZE A o 2= AIE A A
AYH FE+= BE gho|AH A Hpo A{5A AMAT 5 5T o] A2 Py DECREF () 7}
TEH7 Ao A Apo A 22 5 9= BE QA7 A e e Qo oF g ST
A& o, el2EA AAE AA St T+ AAE AAof st F2E A "ol FApsta,
g AE dlolE T2 E A% U3, dA] Wl tls] Py DECREF () & SE380 oF Y th

void Py_XDECREF (PyObject *0)
Similar to Py_DECREF (), but the object o can be NULL, in which case this has no effect. The same warning
from Py_DECREF () applies here as well.

void Py_ CLEAR (PyObject *0)
AA ool it 73t FxE AT UL AA = NULL € 5 A5 UL ouf i3 2= 237} gl
th 28X o JAAE NULLE AR A= A Al stals, &3 Py DECREF () 2} 25U th
22 7F DA HEE 4S5 AFEstal, FRE siAIsHY] Aol AAHE NULLE A A7) wiwel,
Py DECREF () o] et A+ AEE A2} & sto] 4854 sy th
7HR A =3 Sl g 2 4 e ARl st FRE A wfjuirt o] IR E AR A 0]
k.

void Py_ IncRef (PyObject *0)

Part of the 2+ ABL Indicate taking a new sirong reference to object o. A function version of Py_XINCREF ().
It can be used for runtime dynamic embedding of Python.

ok i

>,
off
fy

void Py_DecRef£ (PyObject *0)
Part of the 9+% ABI. Release a strong reference to object o. A function version of Py XDECREF (). It can be
used for runtime dynamic embedding of Python.

The following functions or macros are only for use within the interpreter core: _Py_Dealloc(),
_Py_ForgetReference (), _Py_NewReference (), as well as the global variable _Py_RefTotal.

F

M
A

pel]
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CHAPTER B

of 2| X2|
o Aol A WS B4E AHg S shol M & A5 A D Gy e shold 9] Aele) A e
AL olsl s o] 52T POSIX exrno W49} W] ol 25 ek HAT vt of elof o
A A (S 7 AFUTE R CAPLESE 43 Al o8 494 AT, A5) Al oleje] 9L

e == A T R C APL et o2l EA/E Mo, duH o ol Bl € ke of 5
NULL, A& whahatd 12wy} (o 9): pyarg_* T4 A3std 12, Adshd 02 whskgy .

FAARLR, g A7 Al 7HA AA LA E FAFH U o] F, o9 gt W Ego]ad AR o]t
ZHESL AAER o NULLY| E 4 JHUTH(ERA W Y3 i%‘& FAF o YFUTH A& ol o9
3 o] NULLO]?I; NULL ©] 0}‘d Edojauls 7}%_‘ T AFUh.

e ch A5 oo o5 A AL o B (A AN B ]
@%ﬂg@aL$HW%wwﬂﬂmﬂw*quma ﬂﬂﬂZMﬂﬂ1 1ok wl A4 0% A% A
LT ool A9 MBS, 38 ol A el A4S D8 e Fel Ao) SR el E

ol %
Azl 8 7] k7L A 55171 A5}5} ) o B, ol I AP B2 71 S o) | w Tl w A5 oA e 5
om 4 Gt PA OB AT 5 g

>

ZF3: The error indicator is not the result of sys.exc_info (). The former corresponds to an exception that is not
yet caught (and is therefore still propagating), while the latter returns an exception after it is caught (and has therefore
stopped propagating).

5.1 QIAie} x| 7|

void PyErr_ Clear ()
Part of the 97 ABL o] EA171% A th o e 41717 AR o] JA skow 7} Y&UTh
void PyErr_ PrintEx (int set_sys_last_vars)

Part of the 2+ ABL. E & E o] & sys.stderr 2 Q35 o8] A 7] E A ZF Yt} o7}
SystemExit 7} o}y 3P o] ARol= Edo]amwo] QA% A ¢4 to] M L EAMAE SystemExit

T 1

olaEl x| 9F A oy TEZ 2P ULk
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ole) EAZ 7L AAE G oo whes o] Y0 TEIAAL. 1A oW AP A o B Y
UcH
If set_sys_last_vars 1is nonzero, the variables sys.last_type, sys.last_value and sys.
last_traceback will be set to the type, value and traceback of the printed exception, respectively.

void PyErr_ Print ()
Part of the V7 ABL PyErr_PrintEx (1) 2] ¥ A.

void PyErr_ WriteUnraisable (PyObject *obj)
Part of the S+ ABIL. & A o] 2] 2} 0bj A A}E AFR5}0] sys.unraisablehook () & S &3},
o] vaﬂlEl dre A7 AAEH AA T, °1Ei ElEV} *‘Xﬂi e E YA E 5 e o .
stderro] A WIAAE U A5 ,_del_ () Wl =0l A o &7} TS uf AHEH
g},

The function is called with a single argument obj that identifies the context in which the unraisable exception
occurred. If possible, the repr of obj will be printed in the warning message.

ol FTE T AdE A ojoF Ttk

m{o

o] BT o A AF T ofe] BAVE AASE U 2o Ut} A E 93, o3t a2 2 on
A return Zo| A AFREE NULL OB E vlg st o}

rr

void PyErr_SetString (PyObject *type, const char *message)
Part of the <+7 ABL o] 212 ol 2] A 715 AR sk 718 drba ¢ W Atk A |A AAke o 9
P AFIULH o g FF o9 F studuth ol & £ PyExc_RuntimeError. M2
Aot Az e 287 syt (18 §91, Py_INCREF () ). F WA A= o wAIA dU T
rut£-8' oA tyZ PP U rh

void PyErr_SetObject (PyObject *type, PyObject *value)
Part of the Y73 ABL ©] 8t4+= PyErr SetString () I FAFSHA 9, o] 2] 9] “Zh of] v 3] 2 9] slo]#
AAE AL+ A5

PyObject *PyErr_Format (PyObject *exception, const char *format, ...)
Wk} gk A NULL. Part of the S+7 ABL o] &4 = 01]Ei FA 7|8 AAST NULLES 9rsE o
exception-> 3Fol A o 9] F e 2 of of fru Tt formard}t T w7} M= ol g HIA A E 2 St= Ul &
o]l HuUrthl; PyUnicode FromFormat ()olA &+ 2L o9} 3hE 77”\ Ut} formar2 ASCI 217 9 &
BAL ek

PyObject *PyErr_FormatV (PyObject *exception, const char *format, va_list vargs)
w3 gk &4 NULL. Part of the 9+ ABI W& 3.5 0|3 2, pyErr Format ()3 Z2A g 7FA 749
AR Al va_list QAAFE H Y th

WA 350 =71
void PyErr_SetNone (PyObject *type)
Part of the 7 ABI. ©] A2 PyErr_SetObject (type, Py_None) 2 &¢

YU

1=H

int PyErr_ BadArgument ()
Part of the 17 ABL o] A&
t}, o] 7] A message= 25

— H=

PyErr_SetString (P TypeError, message) o =9 BAYY
H Qo
i

o yExc_
A RE 4 Aol EEH S by ok o = By o
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PyObject *PyErr_NoMemory ()
W3k 7k: &AF NULL. Part of the 9+ ABL ©] 212 PyErr_SetNone (PyExc_MemoryError) & &¢
F3AYYth NULLE 93l A AA) g9 4= wRr e 7t RE2 S 0] return PyErr_NoMemory () ;
a2 % Qs

PyObject *PyErr_SetFromErrno (PyObject *type)
WSk zk: S AY NULL. Part of the 9+7 ABL C gto]l B8] &7t o8] & w33l C Y errno &
ARYS o A E ‘%_L"E/\] 7= HY T duch A AR FE o 7@‘1‘ errno gtolal + WA F&
o] (strerror oA AL) G o] HAR S EZ AAE W= )L, PyErr_SetObject (type,
object) & Zﬂ‘%\:‘r fr9 204, errno gto] A|AHE o] ﬂ %?E UEtY = EINTRO| W
PyErr CheckSignals ()& S&3lx o] ZAo] o|&] EA7]|E HAASH, AAH I & Fuch o] & 3"
T ZANULLE RS A, A"l S 2o thet 23] T A" SE0] o3& W off return

2~

PyErr_SetFromErrno (type); ©]2t1l & 4 H5UTh

H &=
=4 =
=
=

PyObject *PyErr SetFromErrnoWithFilenameObject (PyObject *type, PyObject *filenameObject)
WSk gk: A NULL. Part of the V7% ABL. PyErr SetFromErrno ()2} 5 AFS}A| 9, filenameObject 7}
NULL 0] 0}1/] A, type] A3 A ol A AR w7 A2 AGHTHE 715 & o] )5 Ut 0SError ¢ 9
o B, <l °V\E*/\-4 filename X E | {HEE A st o AHEF YT

PyObject *PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameObject,

PyObject *filenameObject2)

vk 3 gk e 4 NULL. Part  of the ok ABI W A 37 9]
PyErr_SetFromErrnoWithFilenameObject ()& A3} X] ol F e Sdg e FHe
F7HAN G off ol HE DA77 Ael F A A AAE A G
WA 340 F7}

PyObject *PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)

Wk &AY NULL. Part of the 973 ABIL. PyErr SetFromErrnoWithFilenameObject ()2} Ak

A5k, gtd o] C FAEE AFF YUth filename-2 St A A~H 573} ol A 2] 7|2 Y ZGF Yt
PyObject *PyErr_SetFromWindowsErr (int ierr)

w3k gk: &AF NULL. Part of the 2+% ABI on Windows W Z 3.7 ©] 2 . This is a convenience function to

raise WindowsError. If called with ierr of O, the error code returned by a call to GetLastError () is

used instead. It calls the Win32 function FormatMessage () to retrieve the Windows description of error

code given by ierr or GetLastError (), then it constructs a tuple object whose first item is the ierr value

and whose second item is the corresponding error message (gotten from FormatMessage () ), and then calls
PyErr_SetObject (PyExc_WindowsError, object). This function always returns NULL.

Pl ot
st f

Availability: Windows.

PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)
W3k gk &4 NULL. Part of the 9+ ABl on Windows W 3.7 0|32, PyErr_ SetFromWindowsErr ()
o} bS], AN D el 9] B2 AR B F7h oA Wk dE T
Availability: Windows.

PyObject *PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)
=) e v g 3+ A} NULL. Part of the <SF7A ABI on Windows W A 37 o] % =&,
PyErr_SetFromWindowsErr ()3 S+ AFSFA| B, filename ©] NULL©] o} U ™, 31 A|2H Q37 Y
o2 I YHE I (0s.fsdecode()) OSError-/] AR A AR w7 HEE AYEE o] o9
AnB o) Eilenane ol £ o) HEE BOISE 0 A48T EE S E 37} B0l D4l
Availability: Windows.

PyObject *PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, PyObject
*filename)

5.2. Of|Q| LMA|F|7] 53
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vk & 7k 3+ A} NULL. Part of the <SF 7‘3 ABI on Windows W ZA 37 o & =&,
PyErr SetExcFromWindowsErr ()3} -+ AFSFA| 2, filename ©] NULL ©] ©}U ™, OSError 9 A}
A Apol] Al WA w7 ez AR o] 9] AdAE A9 filename EZREE FYst=t ARHE
% 3 27 B20] Yo,

Availability: Windows.

PyObject *PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, PyObject
*filename, PyObject *filename?2)

vl 3} 7} 3+ A} NULL. Part of the <F7A ABI on Windows W A 37 o] % =&,
PyErr_SetExcFromWindowsErrWithFilenameObject ()& FAFSIA B, & WA opdH A
A& Wots YUt

Availability: Windows.

WA 340 7}

PyObject *PyErr_SetExcFromWindowsErrWithFilename (PyObject *type, int ierr, const char *filename)

vl 3} 2k 3+ A+ NULL. Part of the <F7A ABI on Windows W A 37 o] % =&,
PyErr_SetFromWindowsErrWithFilename ()2} FAFSIH, WA ZA o2 F& A A3} F
7Ll 7] M%7} gl ek
Availability: Windows.

PyObject *PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)
B}k gk A NULL. Part of the 9H7 ABI ¥} 3.7 0|3 2, ImportErrorS WA 7= A9 g Uth

msg= ol o] WA X Extd 2 AAFH Yt} & thnuLLe] € 4 =, name} path= 2+ 2 ImportError
9 name P path JJEZHE=Z HAFH T}
WA 330 =71
PyObject *PyErr_SetImportErrorSubclass (PyObject *exception, PyObject ¥msg, PyObject *name, PyObject
*path)
W7k AF NULL. Part of the 9 ABI WA 3.6 0| & &. PyErr SetImportError () 2w B3}
2|4k, o] Bt WA A Z ImportErrore] AH ZE|AE AT 4 95U Th
B A 3.60] F7}.
void PyErr_ SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)
A o 2] o] th gl 1} (file), = (line) E 2 Z Al (offset) FEEZ DAYt A o2 7} SyntaxError
7k ot H, F7F A ERRES AA A, o9 A4 ot A"l o] ol 9] 7} syntaxError 2kal A Z46HA
ek,
WA 349 F7}
void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_offset)
Part of the V7 ABI WA 3.7 0| & &, pyErr SyntaxLocationObject () £ V&3 AW, filename-S
SpA2E QI T o 2] A7 2 Y = vlo] E A Yyt
WA 320 7}
void PyErr_SyntaxLocation (const char *filename, int lineno)
Part of the Y73 ABL. PyErr SyntaxLocationEx () 2} B3R, col_offset v 7] ¥ 4= A 2 Ut}
void PyErr BadInternalCall ()

Part of the 173 ABIL. ©] 2 PyErr_ SetStrlng (PyExc_SystemError, message)
Uttt o 7] A message= W7 A4S 50] 3Fo] K/C API ) o] A5 H AAR 355 %
R R e
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-

5.3 411 2isty|

o] &E AFE sl C ZEA FE FHSFAAIL. 9o] M warnings ZEIA YA %/\}} f{. =
283y h ‘:.l‘ﬂll,ﬂi sys.stderroll 7 3 WA A E A Gtk 2ok AFEAZE A E ol 2 ARst e S
ARZPE TE don, o] ¢ o9 7yt 731 A9 FAH R Qs o] 7o 2] & T YA 7] = ZiE
byt ‘ﬂlﬂ 7h 3 §6}Zl ARCRCI &)
AT LA 19 5) 0|7 AT B o 9 AS A= ALl oA R, EA A
of| &) A 2] & 5P of @1/1 (& 50, 2718 FZEE Py _DECREF () S}aL o 2 g Wh&HU .
int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
Part of the <+% ABL 7;;‘¢ H A A& ST} category A= F (et E FRIAAI )Y
NULL Y Y t}; message A A}+= UTF-8 2 Q17 G E X4 g th stack level 28"z & AT
Uk ?j Ut s g a8 oA a4 A3 5 = Sl A A7t BT stack_level©] 1 0]
PyErr WarnEx ()& $&%l= 4,2 1 H 9 I, =5
A1 WFEE PyExc_Warning® A H E@2ojoF YT} PyExc_WarningE PyExc_Exception
o B ZY2Pdyth 712 A3 HF = PyExc_RuntimeWarningYUth & Jo|d A3 HE=
o]go] 7 41 M5 o AAR A Wz AFPUTh
7L Alofoll th gk ApA & W82, warnings & A AL B E E APANA -3 HS TR A L.
A Aol E 913 C API= 95U Th
int PyErr_WarnExplicitObject (PyObject *category, PyObject *message, PyObject *filename, int lineno,
PyObject *module, PyObject *registry)
RE AL ASAHEER BAALL ANHAN A W AAE BAZ U o)A
warnings.warn_ explicic () o ohek 4ebel o3 U ks A WEL A7 S BESAIAL
o dE 72 29E doy ‘?i module3} registry QA NULL 2 A A 3l oF g th
WA 340 27}
int PyErr_WarnExplicit (PyObject *category, const char *message, const char *filename, int lineno, const char
*module, PyObject *registry)
Part of the 27 ABIL message 2} module ©] UTF-8 Q17 H F A} 4F o] A1, filename2 3} L A| 2~ 8] o] 57 1 7}
o] Al 7|2 yIZYAtE AS AL SHE PyErr WarnExplicitObject () 9 %/\}z}q c}.
int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)
Part of the °+% ABL. PyErr WarnEx ()2} -5-AFeE &AW, PyUnicode FromFormat ()< AH&31o]
A3 WA A S ZAF T formarS ASCII Q1 29 E Z21d vt}
WA 3.29 F7%
int PyErr_ ResourceWarning (PyObject *source, Py_ssize_t stack_level, const char *format, ...)

Part of the VA ABI WA 3.6 o] & PyErr _WarnFormat ()3 <+ AFSE S X 2k, category =
ResourceWarning©] il sourceS warnings.WarningMessage & A &g}

A 3.60] F7}.
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5.4 ollz{ EAI7] =23|5}7]

PyObject *PyErr_Occurred ()

WSR3k & R, Part of the H7 ABL o8] A1 7] 7F A 3= A BI~EZ YT AAE o, o9
npe(PyErr_Set* & PyErr Restore () o thgh upA1 2 &0 3 A Q1A < vk ot A4
= A %kﬁfa,NULL HEEhehU of of 22 o] Wk gholl th ek 2 & AR5hA] ¢otbA], Py _DECREF ()

EE RIS

% &A= GIL& 23l of Fu

Za: WS 7S £ @11949} H| 2 814 U}*‘Ah, WAl PyErr_ExceptionMatches ()& AH&3HA Al
2, ot ?}5 SHAAI L. (FEl 2 o9 A5 o9 7 S th4l A" 0] AL, o A3k o 2] g
AR ZgPad ;M/H Hu% A 9 517 ﬁ HD}.)

int PyErr_ExceptionMatches (PyObject *exc)
Part of the V7 ABL PyErr_GivenExceptionMatches (PyErr_Occurred(), exc) 2 5534
ok o7t Al 2 AR E S vl TS5 oF U ol 9 7 i s A] R ke 2] A& g to]
LA o

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)
Part of the 2+7] ABL given o 2] 7} exc®] |9 I3} A X3l S wHEst 1/]1’/} c7} 2
giveno] A2 Zej2e] AAEAL afE & WA excr} FEo W, T2 A=
(22 AB FEE AT 402)S AN E S5 A4 FU k.

void PyErr_Fetch (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback )
Part of the 7 ABl ?iﬂ A" Al 7jel Mz o ZAIZ1E AWUrth ole 2A1717F A= A
orgrom, Al Weg BE NurLE ARSI Th AAH Ao, AT AW 2 Aol e Az
of 2 ©] +w°r?é“4‘>} A Edola AX= F AA 7 2HA b2 WENULL Y 5 YEY T

Z31: This function is normally only used by code that needs to catch exceptions or by code that needs to save
and restore the error indicator temporarily, e.g.:

-

{
PyObject *type, *value, *traceback;
PyErr_Fetch (&type, &value, &traceback);

/* ... code that might produce other errors ... */

PyErr_Restore (type, value, traceback);

void PyErr_Restore (PyObject *type, PyObject *value, PyObject *traceback )
Part of the °+7J ABI. Set the error indicator from the three objects. If the error indicator is already set, it is cleared
first. If the objects are NULL, the error indicator is cleared. Do not pass a NULL type and non-NULL value or
traceback. The exception type should be a class. Do not pass an invalid exception type or value. (Violating these
rules will cause subtle problems later.) This call takes away a reference to each object: you must own a reference

to each object before the call and after the call you no longer own these references. (If you don’ t understand this,
don’ t use this function. I warned you.)

ZF31: This function is normally only used by code that needs to save and restore the error indicator temporarily.
Use PyErr_Fetch () to save the current error indicator.
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void PyErr_ NormalizeException (PyObject **exc, PyObject ¥*val, PyObject **tb)
Part of the <73 ABL 578 7¢3ol| A, ote| ] pyErr_Fetch ()7} §h&bshe g2 “H] A3 = S
U %, rexcis 2eA AA AW rval e Ze Ze 29 Asba} obdUTh o 4 o A
¢ WS J2dx B8 v AFEE 5 YF U Th ghol oln] Af3kE o] o, o A& Ao LA
DeUTh AW A A FAL A9 FAH Y

#a: o] 34 o9 gol __traceback__olEelREE BAA 0z AAFA ehpUTh Ed o2
A 3hA Aok 319, The w22 F7F 2use] ek
if (tb != NULL) {

PyException_SetTraceback (val, tb);
}

PyObject *PyErr_GetHandledException (void)
Part of the QF ABI ¥ A 3.1]1 o] & Z. sys.exception () o] ¥I33t= A 22, &4 o9 A~H
AYUh o] A2 A2 LT o 7} of 2}, o] 22 o € & ZhE] Yt of| &l ol B g A
NULL < ¥Hehetyh Bz 2l 9 o &) A& #7484 kst

B3 ol prt AWAoz oo AdSe L TEolA A8HA FEUT 28, e
9 AUE QA% AGohn 2ol &l ABE & AFUTh o5 4 BAAL AseH
PyErr SetHandledException () S AF&SHA Al 2.

WA 3119 F7.

void PyErr_ SetHandledException (PyObject *exc)
Part of the V7 ABI ¥ A 3.11 ©]Z 2, sys.exception() 22 4R A 2, A &5 AAT
Ytk o] A2 A= AT o 2] 7} ob g, o w] XA of| £ & ZHE] Pt o9 el E A]-%-2 ¥, NULL

= AL,

Fa: o T dNHoE A E AEstE v ZE oA ASEH A S5 Ut , 1=
Aol Aele AAE AR Aol & AT ¢ Awich o9l AHE Ao
PyErr_GetHandledException () S A& Al L.

oo

WA 3110 37}
void PyErr_GetExcInfo (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)

Part of the °+7 ABI W& 3.7 0] £ &, sys.exc_info () &2 €A A} 22, o] AR A TS
AR o) A A2 AT o8] 7 oL, o v] 22 o9 & el AU TE A AR e A BxE
Bt o] F ol Ao E NULL Y F AU th o] AE A& A oA d5Uth o 5+

3 T3S Y& FAF YUY YAl PyErr GetHandledException ()< AH&3HA 8.

shel = I =M AEH A GhF Ut 23], =7 o
A dHE =

el

e
i)
hJ
£
L
o
v
1<)

B A 3.30] F7}.
void PyErr_SetExcInfo (PyObject *type, PyObject *value, PyObject *traceback)

Part of the ©+7 ABI WA 3.7 0] &. sys.exc_info () E ¢8R A7 22, 4o ARE HH
o] AL A= TASE o 9] 7} o} g}, o] u] E 2 o Q] & el P Ut o] She= Qe AR E X
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9] AHEIE A P2, Al 94 2O NULL S AREAA 2. o] Fi 39 TBAS A FAT U,
WAl PyErr SetHandledException ()< AHE3HI Al L.

Ir
4
T
_,d

i o e 4wty £ Agstels ZEA AHEEHA A5
7b el BEHE A= ?ﬂzo*'}ﬂ Hsior & uf A& 5 AFUT o

WA 3.30] F7}.

WA 3.119 A ¥ 7 : The type and t raceback arguments are no longer used and can be NULL. The inter-
preter now derives them from the exception instance (the value argument). The function still steals references
of all three arguments.

5.5 A2 AMelst7|

int PyErr CheckSignals ()

Part of the QF7d ABI. This function interacts with Python’ s signal handling.

If the function is called from the main thread and under the main Python interpreter, it checks whether a signal has
been sent to the processes and if so, invokes the corresponding signal handler. If the s ignal module is supported,
this can invoke a signal handler written in Python.

The function attempts to handle all pending signals, and then returns 0. However, if a Python signal handler raises
an exception, the error indicator is set and the function returns —1 immediately (such that other pending signals
may not have been handled yet: they will be on the next PyErr_CheckSignals () invocation).

If the function is called from a non-main thread, or under a non-main Python interpreter, it does nothing and returns
0.

This function can be called by long-running C code that wants to be interruptible by user requests (such as by
pressing Ctrl-C).

Z+31: The default Python signal handler for STGINT raises the KeyboardInterrupt exception.

void PyErr_ SetInterrupt ()

Part of the °+7% ABIL  Simulate the effect of a SIGINT signal arriving.  This is equivalent to
PyErr_SetInterruptEx (SIGINT).

ZF31: This function is async-signal-safe. It can be called without the GIL and from a C signal handler.

int PyErr_SetInterruptEx (int signum)

Part of the 2+ ABI WA 310 o] 2. A14d =& FFHE AEHo| AU t}Lo
PyErr CheckSignals ()7} TE&H W, Fol Al2d AT o )3k sto]W A|l1d A 7|7 &5
Ut

This function can be called by C code that sets up its own signal handling and wants Python signal handlers to be
invoked as expected when an interruption is requested (for example when the user presses Ctrl-C to interrupt an
operation).

FolA Alag o] slo] oA A 2l= ] ¢4 2™ (signal.SIG_DFLO|U signal.SIG_IGNOZ A5

o) A)), A B YT
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If signum is outside of the allowed range of signal numbers, -1 is returned. Otherwise, 0 is returned. The error
indicator is never changed by this function.

ZF31: This function is async-signal-safe. It can be called without the GIL and from a C signal handler.

WA 3.100] 71

int PySignal_SetWakeupFd (int fd)
o] feelE T4t Aol 24T wWultk A2d WE7 9 Ho|ER 7185 & 3Y 7S4S
AR FUTh fae ¥ B2 7 olofo gtk o4 5+ 7| &AZ WMEFU )
F-1e 7e= vMBASRIEYG; oo 27 AHAUH o] AL IFo] X9 signal.
set_wakeup_td () 9 S5 AW, ol 8 AAHe 9FUTh fde 8 3 el of FUTh &
T 2 =dA T EEH o of Y Th
WA 35004 A AEfolA, e oA 22 A= AdF Uk

5.6 0|2 Ecia

PyObject *PyErr_NewException (const char *name, PyObject *base, PyObject *dict)

HEEEgk: A 2. Part of the b7 ABL o] FEEE e A o8] S 2E BE WY Th name
QA 2}= A o2 9] ©] &, module.classname & 212 C E2}Y o]o]of St} base2} dict A A= A4k
Ao 7 NULLYUTE o] 24 51 Exception(CollA] PyExc_Exception O & AMAT 4= 95U TH
ol A shAE Zels AR 7} S o) AU T,

The __module___ attribute of the new class is set to the first part (up to the last dot) of the name argument, and
the class name is set to the last part (after the last dot). The base argument can be used to specify alternate base
classes; it can either be only one class or a tuple of classes. The dict argument can be used to specify a dictionary
of class variables and methods.

PyObject *PyErr_NewExceptionWithDoc (const char *name, const char *doc, PyObject *base, PyObject *dict)
Whehgh: A} 2. Part of the -7 ABL M2 o9 220 SAEHS A R £ ke Ae
A3t PyErr NewException ()3 Zr5UTth: doc©] NULL O] of U W, o]l 2] Fefj 2o st HAEF]
o= AgE Ut

B A 3.20] F7}.

5.7 ol ZHA|

PyObject *PyException_GetTraceback (PyObject *ex)
wrskZk: A ZZ. Part of the 917 ABL 3ol #H oA _ traceback_ SJEZHEE Z3 M2 &g 4
e MEL F2E oo e Ego]awS vistghyth. #Hd Egojamo] gloW, NULLE
Hh2hetu ok
int PyException_SetTraceback (PyObject *ex, PyObject *tb)
Part of the 2+7 ABL ¢l 2] o} I H EF o]~ S pE DAY TE A 92 Py _None& AFE3H4IA] L.
PyObject *PyException_GetContext (PyObject *ex)
WSk 7k Al ZHZ. Part of the 97 ABL Ito] W oA _ context_ o]EZ|HEE 58] AM2 T+
A FxE 9ot AddE AEAE (e o9 JAX"E XA, o] S APt =5
shekgh ) A48 AHAEs} glow LS BT,
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void PyException_SetContext (PyObject *ex, PyObject *ctx)

Part of the °+7 ABL 929} A#H AYAEE e E A AT A2 NULLS AFR AT Al L. e
Zhol9] 91T 20 A el ek & AARE Qe Ut o] AL awol et 22 FA UL

PyObject *PyException_GetCause (PyObject *ex)

w3k gk A 2. Part of the 9F ABL Fo] oA _ cause_ oEZHEE E3] dA 2 T4 = A
A2 oo} HHE A (] A" A None, raise ... from ...22 AP UhES 93
Fuct.

H

void PyException_SetCause (PyObject *ex, PyObject *cause)
Part of the 2+7d ABL 9| 2] &} A A Y-S causeZ A F v th A8 A NULLES A& Al L. cause
7} o 9] A" A None 91A] E3lE § HAAR= flsuth o] 22 causel Wl E

__suppress_context_ O]EZHEE o] 5o o] BA|F O ZE Truexd AAFH YTLH

['-,-4 [U
e >
Y
ﬂllﬂ.l
ol
2
AW
o

5.8 FL|ZE ol ZAl

O e CollA FURE o9& e A8k v AHSF U th
PyObject *PyUnicodeDecodeError_Create (const char *encoding, const char *object, Py_ssize_t length,
Py_ssize_t start, Py_ssize_t end, const char *reason)

WL gk A ZZ. Part of the 97 ABL encoding, object, length, start, end 2 reason o] E 2] - E & Al 35}
UnicodeDecodeError AA|E w5 Yt} encoding@} reasonS UTF-8 2 A7 H A YUt}

PyObject *PyUnicodeDecodeError_GetEncoding (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetEncoding (PyObject *exc)
kst gk A ZZ. Part of the FA ABL Fo] A | 2] A A 9] encoding o E B8] HEE v1&-g ],

PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetObject (PyObject *exc)
HESRZk: A ZR. Part of the F7 ABL S0 2 o) @] A A 9] object A E B8] HEE v T

int PyUnicodeDecodeError_GetStart (PyObject *exc, Py_ssize_t *start)

int PyUnicodeEncodeError_GetStart (PyObject *exc, Py_ssize_t *start)

int PyUnicodeTranslateError_GetStart (PyObject *exc, Py_ssize_t *start)
Part of the 217 ABL F0] R o1 2] AA| 9] start O] E 8| HEE 71 A & A] *startol] ¥l X] 1 T}, start= NULL
o] ohuolof FTh. 4B e 02, Anstd -12 wEg o

int PyUnicodeDecodeError_SetStart (PyObject *exc, Py_ssize_t start)

int PyUnicodeEncodeError_SetStart (PyObject *exc, Py_ssize_t start)

int PyUnicodeTranslateError_SetStart (PyObject *exc, Py ssize_t start)
Part of the S+ ABL F0] R o] 2] AR 2] start J E B HE S stant 2 A ATt 35 02, A9lstd
-1Z vkt

int PyUnicodeDecodeError_GetEnd (PyObject *exc, Py_ssize_t *end)

int PyUnicodeEncodeError_GetEnd (PyObject *exc, Py_ssize_t *end)

int PyUnicodeTranslateError_GetEnd (PyObject *exc, Py_ssize_t *end)
Part of the 7 ABIL. Fo] 2 04]94 AA S end | EBHEE 714 2} A] *end ol vl X] &1 t}. end+= NULL ©]
ohulofor gt 43 5HE 02, AshshE -12 BTG T

int PyUnicodeDecodeError_SetEnd (PyObject *exc, Py_ssize_t end)

int PyUnicodeEncodeError_SetEnd (PyObject *exc, Py_ssize_t end)
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int PyUnicodeTranslateError_SetEnd (PyObject *exc, Py_ssize_t end)
Part of the °+7 ABL F0] 3R 9| Q] AA|2] end A EZHEE endZ AL AF31H 02, A9std
-1g g,

PyObject *PyUnicodeDecodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetReason (PyObject *exc)
wksk gk A ZZ. Part of the SFH ABL Fo] A o[ 2] A A 9] reason o] E B8] H-EE 2183},

int PyUnicodeDecodeError_SetReason (PyObject *exc, const char *reason)

int PyUnicodeEncodeError_SetReason (PyObject *exc, const char *reason)

int PyUnicodeTranslateError_SetReason (PyObject *exc, const char *reason)
Part of the ¢+ ABL F0] R o 2] AR 9] reason A E | HEE reason 2 2 A AU T AE3HH 02,
As)5he 12 kg o

5.9 2+ Mo

o] F 3 Fojg} A BE BFA CFFoA ds AA SE22 st PH= ATFUTh A
FEZFREEA] Sto| ¥ I EF S EHA ¢ A 28Ut (Fhol A N 2
th. o< 22 =0l A7 A2l A2let7] Wl p_call 7@ = BL23HA g5
int Py_EnterRecursiveCall (const char *where)
Part of the 273 ABI W Z 3.9 o] F 2. A H CHF S &o] B 5 1L sh= A RS AU
USE_STACKCHECK 7} Zt]ﬂ 9o W, o] &4 Pyos CheckStack () S AF&31o] OS &~ B
= =4 A3yt o] -, MemoryErrorg A A3kl 00] obd & W ok
2™ o5 des A Al =23 =4 FAFUt o] B, RecursionError 7k A4 i1 00]
obd ghol Wik Ut 18 2] koW, 00 whehg Yt
where= A 7] Z o] A3t & Q3 RecursionError WA Ao o]oJ B " in instance check"2}
22 UTF-8 Q17 F A o] of oF gt
WA 39004 W A: o] T o)A Al SHE AP = AFSS = JdHF U th
void Py_LeaveRecursiveCall (void)
Part of the <FA ABI W A 39 o] % =2, Py_EnterRecursiveCall() & £33 Yt}
Py_EnterRecursiveCall () & Z+ &2 T Z&ult} st H A §E5 o oF T}
WA 3.9 4 W A: o] T o)Al Al S AP = ARSE 4= 5 Th
A8 o1 9ol Thol cp_reprd Soh2A FASA N S0 A7 A2 La gt 298 25
5 =9 o
o =2 Qs

L=, tp_ fepr_‘T': S A5 8l AAE FA & oF Ut oy F £ ol 7]
AP A}, o] 5L reprlib.recursive_repr () o] 3 C ZSE YU Th

int Py_ReprEnter (PyObject *object)

Part of the 7 ABL <82 ZA317] 93l tp_repr +8 A2 Al SE&H YT

A7 ol A= oW, e Fo| FA4E AU o] B tp_repr FHL S U=
ARG A E bl o FUth ol & S, dict AAE= (...} E H_%‘rf‘f}i list AA= [...1 %
e Sty

A7 Aol 2o e 59 A4 E MU o] B tp_repr 7L WA S E NULLS
W) of Tk

IR oW, FHE0S VBT tp_repr FAL AR ALY 5 Aok
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void Py_ReprLeave (PyObject *object)
Part of the V7 ABL. Py_ReprEnter ()& £33 YTE 0 Q&38}+= Py _ReprEnter () E&0tt} St
WA T8l of T

5.10 & 0|2

BEE ®F ol o 9] = pyExc_F ol 3ol o 9] o] Fo] 2 o] 58] A W2 AlFH UL Pyobject*
FAdUch 27 Fehe A GUh A S 98, o2 ZE W Uth
Co|E oto|M o| & CE
PyExc_BaseException BaseException !
PyExc_Exception Exception RgREL L
PyExc_ArithmeticError ArithmeticError LR ) |
PyExc_AssertionError AssertionError

PyExc_ AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError
PyExc_BRufferError BufferError
PyExc_ChildProcessError ChildProcessError
PyExc_ConnectionAbortedEr ConnectionAbortedError
PyExc_ConnectionError ConnectionError

PyExc_ConnectionRefusedEr ConnectionRefusedError
PyExc_ConnectionResetErro ConnectionResetError
PyExc_EOFError EOFError
PyExc_FileExistsError FileExistsError
PyExc_FileNotFoundError FileNotFoundError
PyExc_FloatingPointError FloatingPointError

PyExc_GeneratorExit GeneratorExit
PyExc_ImportError ImportError
PyExc_IndentationError IndentationError
PyExc_IndexError IndexError
PyExc_InterruptedError InterruptedError
PyExc_IsADirectoryError IsADirectoryError
PyExc_KeyError KeyError
PyExc_KeyboardInterrupt KeyboardInterrupt
PyExc_LookupError LookupError g0, 1
PyExc_MemoryError MemoryError
PyExc_ModuleNotFoundError ModuleNotFoundError
PyExc_NameError NameError

PyExc_NotADirectoryError NotADirectoryError
PyExc_NotImplementedError NotImplementedError

PyExc_OSError OSError gD, 1
PyExc_OverflowError OverflowError
PyExc_PermissionError PermissionError
PyExc_ProcessLookupError ProcessLookupError
PyExc_RecursionError RecursionError
PyExc_ReferenceError ReferenceError
PyExc_RuntimeError RuntimeError
PyExc_StopAsynclIteration StopAsyncIteration
PyExc_StopIteration StopIteration

CtZ = O|X[ol] Al
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H 1-0|™ mf|o|X[of| M AlH

Co|E olo|M o2 =E
PyExc_SyntaxError SyntaxError

PyExc_SystemError SystemError

PyExc_SystemExit SystemExit

PyExc_TabError TabError

PyExc_TimeoutError TimeoutError

PyExc_TypeError TypeError

PyExc_UnboundLocalError
PyExc_UnicodeDecodeError
PyExc_UnicodeEncodeError
PyExc_UnicodeError
PyExc_UnicodeTranslateErr
PyExc_ValueError
PyExc_ZeroDivisionError

UnboundLocalError
UnicodeDecodeError
UnicodeEncodeError
UnicodeError
UnicodeTranslateError
ValueError
ZeroDivisionError

W A 33 o = 7}

PyExc_ChildProcessError,

PyExc_ConnectionError,

PyExc_BlockingIOError,

PyExc_BrokenPipeError,
PyExc_ConnectionAbortedError,

PyExc_ConnectionRefusedError, PyExc_ConnectionResetError, PyExc_FileExistsError,

PyExc_FileNotFoundError,
PyExc_NotADirectoryError,

PyExc_PermissionError

PyExc_InterruptedError,

PyExc_TimeoutError+ PEP 3151 u}et =95 g5 yth

WA 3,59 &7} PyExc_StopAsyncIteration I} PyExc_RecursionError

¥ A 3.69] &7}: PyExc_ModuleNotFoundError.

T2 PyExc_OSErrorol o st S 34 H 3 9 th:

Co|E

tr
[m

PyExc_EnvironmentError
PyExc_IOError

PyExc_WindowsError
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EE:

= =
. =
ZERWSIUT

N_
o
bt
o
o
>
r\:l
o
lo
bl
°
£
=L ol
_>|4_L
Ach
N
p)
1
fu
=
lm
=
H
=4
lw)
O
=
n
N
o
o
i)
32,
rr
B
o,
[>
[
k)
2
o
it
>
>
ofo
ol
rr
R
[
it
T
I-O‘I
oy

o A A%

PyExc_IsADirectoryError,
PyExc_ProcessLookupError
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Co|E oto|M O & LE
PyExc_Warning Warning g
PyExc_BytesWarning BytesWarning
PyExc_DeprecationWarning DeprecationWarning
PyExc_FutureWarning FutureWarning
PyExc_ImportWarning ImportWarning
PyExc_PendingDeprecationWarning PendingDeprecationWarning
PyExc_ResourceWarning ResourceWarning
PyExc_RuntimeWarning RuntimeWarning
PyExc_SyntaxWarning SyntaxWarning
PyExc_UnicodeWarning UnicodeWarning
PyExc_UserWarning UserWarning

W A 3.20]] 7}: PyExc_ResourceWarning.

T E:
PolZlethe 2E AL WF wlola eyt
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o] 49| YL CHES FUFE 1 TTA A, ColA Shol W BE AL, T4 Ate] T A L Cgo
248 sl g FASHE Aol ol 2717k ThFe f B ele] A4S Sy Lh

6.1 2 Al FE2IE|

PyObject *Py0S_FSPath (PyObject *path)
W27k A B2, Part of the 9H7 ABI ¥ A 3.6 0] Z 2. pathol] th 3+ 5} Y A28 T3S wkskshy o} A4 7}
strolUbytes AA o] H, A} 743t ZF =& ukstath A A 7F os.PathLike ¢l E1 Ho|AE 2135
__fspath__ () 7Fstritbytes A Y Wﬂ vty Ut 28 %] 9k oW, TypeError 7} YA 311 NULL
o] Wk Yt}

WA 3.690 7}

int Py_FdIsInteractive (FILE *fp, const char *filename)

Return true (nonzero) if the standard I/O file fp with name filename is deemed interactive. This is the case for files
for which isatty (fileno (fp)) is true. If the global flag Py InteractiveFlag is true, this function

also returns true if the filename pointer is NULL or if the name is equal to one of the strings '<stdin>"' or
12727210

void PyOS_BeforeFork ()
Part of the 73 ABI on platforms with fork() Hﬂ 370
g4 fork () Y dA Z 2 M8 BEA S= FASH &
998 A AT AT ALE 7 T o

ﬁﬂ

AT: C fork() TEL (W A = Ee)) w7 Ad = At o] £ o] Aok Flth.
PyOS_BReforeFork () &

WA 3.70] &7}
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void PyOS_AfterFork_Parent ()

Part of the Y7 ABI on platforms wzthfork() HA370Z2, TZ2NAZI T YR YR A E A=
. ZEAE BEAZEAZ A=A AR, fork () U A Z2AAE BAISHE 1A 45

5207 R 2o AolA 2ol T Fork (7} BEIH AABAN T AE A T

i C fork() TEL (“Uﬂo” QlE] =z 2] H9]) “v] 17 A =of A gk o] Fof A of gt
PyOS_AfterFork_Parent () & U}F7FA] Y T}

HA 3.7 7}

void PyOS_AfterFork_Child ()
Part of the 2173 ABI on platforms with fork() ] 74 3.7 o] 2. 2 M2 3 S YR Qg Z g g AH =
B8 . fork () U @A Z2MAE BEASHE FAS 4 E S5 5, ZEA AT SHol

°1 E Z 2B & THA Ez“ 7he/d o]l Yo A B A Aof A iéﬁﬂ oF gyt fork () 7F o H
A 2Bl o Al Bk AR 7} 3F T}

A3 C fork() &2 (“vQl” AE ZE[L) “v| 17 A = A gk o] Fo] A of FHth.
PyOS_AfterFork_Child () & u}Z7}A] 4 U h

WA 3.7 F7}.
© B7]:
os.register_at_fork () & AR 3} PyOoS_BeforeFork (), PyOS_AfterFork Parent () ¥
PyOS_AfterFork_Child() 01] AN TE2E AL A Fo| A T E SE S QS Th
void PyOS_AfterFork ()
Part of the Q73 ABI on platforms with fork(). T2 N2~ 23 & B YF
Aejz 27} AL AR AT A2 Z 2 A 204 TEH ofof gy th Af A ¥ o] A} = *ﬂ o
2EdW, o §4E 528 Aot Ao
WA 3. 7HE JRF: o] &4 pPyos AfterFork_Child()E AE g5 UTh

int PyOS_CheckStack ()
Part of the YA ABI on platforms with USE_STACKCHECK W] A 3.7 o] &2 2. Qe = 2|l o 28} F7}o]
ot S Rk T o] A2 A1F 43 d& FQleo]A vk USE_STACKCHECK ©] 4 &] & ¢ %l:% uf 2k
AHEE F ASUTH(EA vto] A2 A X E Visual C++ AL HE AHEsHE 573 w9 A=-5-04)).
USE_STACKCHECK- A5 0.2 otk o] 8 & A o] F=o A o & AAsiA= gyt
typedef void (*PyOS_sighandler_t)(int)
Part of the 27 ABL

=]
T
54

PyOS_sighandler tPyOS_getsig (inti)
Part of the 9t ABL A2 o] Tt @A) Al1d A7) & w3ty th o] AL sigaction() oW
signal () & #¥e gF2 Aol duth 2 gL A5 TE6HA A 2!

PyOS_sighandler_t PyOS_setsig (int i, PyOS_sighandler_t h)

Part of the °+7 ABL. A]13 i9] A|2d Z{ﬂ 715 hE AR UL ol A
o] A sigaction() o|tksignal () = AAE eF Ao Atk 2 o<

z
LI

g % ;7/17]—

3 A
2 44 EE5A oA

e

wchar_t *Py_DecodeLocale (const char *arg, size_t *size)
Part of the V7 ABI WA 3.7 o] & &,
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- IUN This function should not be called directly: use the PyConfig API with the
PyConfig_SetBytesString () function which ensures that Python is preinitialized.

This function must not be called before Python is preinitialized and so that the LC_CTYPE locale is properly
configured: see the Py_PreTnitialize () function.

A A ~E T} oy A2 7] 2 vle]| EL S vl Z Y FY T} o 8 X 2] 7] 7} surrogateescape ©f 2] A
g 71H, Y39 T 4= gl vho] EE-2 U+DCR0..U+DCFF 9] 9] 22 Y2 g g Ut} 18 a1, vlo]E
AAREANZACE FAZ UIY & 5 J oW, o] 55 t T Y 3h= th4l surrogateescape ol 2 A 2] 7] &
ARg 3ol o] EGE o] 2 A o] 5“4 D}.

A E FFH ool = A} (wide character) A G ol gk Z A E & vH&FH T W22 & A st ¥
PyMem_RawFree () S A3 A L. size 7FNULL O] o} ¥, d X2 A 2] &) ofo]| & B} & *size

o 71 Zg .

g3y ol w2 e & ol Al NULL-S REHEHU T} size7F NULL o] of U™, W2 2] o & A] *size
7} (size_t)-1Z2 AAFHI, I Q o8 Al (size_t)-2F AP YT

The filesystem encoding and error handler are selected by PyConfig Read():see filesystem encoding
and filesystem errors members of PyConfig.

CztolEjelo] W27t glod, tid o 27k B sHA] ofof eyt

FAE S vl EQ R OhA] A Y3 ™ Py EncodeLocale () 45 AFSIIA Al 2.

o ®B7]:

PyUnicode DecodeFSDefaultAndSize ()@ PyUnicode DecodeLocaleAndSize () 34
WA 350 F7F

WA 3704 WA o] = o] Al 3ho] M UTF-8 2= A UTF-8 Q15 9= AHE- g ok

WA 3894 W A: The function now wuses the UTF-8 encoding on Windows if
PyiLegacyWindowsFSEn codingFlagqgis zero;

char *Py_EncodeLocale (const wchar_t *text, size_t *error_pos)

Part of the 2+7 ABI ¥} A 3.7 o] & 2, 2}o]= B X} (wide character) X< & 3} A A| 2l o] 7 T 3} of 2]
712 A7 F g} ol 2] A 8 7] 7} surrogateescape ol ] ] 2] 7]  U+DC80..U+DCFF ] 2] A 2 7
o] E B2} Hlo] E 0x80..0xFF & ¥ 3+ )t}

N B ol SN Kl L AL WA o) 22 & AR pyiven Free (& A
Al A3 olle vl B & o 2] Al NULLS RH Y o

error_pos 7} NULL ©] o} ™, *error_pos= AF Al (size_t)-12 AAFH 1, A3 o & A F235}
A e EALY] Qe Az ARE Tk

The filesystem encoding and error handler are selected by PyConfig Read():see filesystem encoding
and filesystem errors members of PyConfig.

Hlo|EYE & 2lol= BX EAEE A Y Z WS d Py _DecodeLocale () 45 A& A L.

7d31: This function must not be called before Python is preinitialized and so that the LC_CTYPE locale is
properly configured: see the Py_PreInitialize () function.

o] B7):
PyUnicode_EncodeFSDefault ()@ PyUnicode_EncodeLocale () &4
WA 3.5 F7}

6.1.
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WA 3704 WA o] 4L o)A T}o] M UTF-8 o)Al UTE-8 A1 73S AF-&3ht}

WA 389 A WHA: The function now wuses the UTF-8 encoding on Windows if
Py_LegacyWindowsFSEn codingFlagis zero.

6.2 A|AE B4

sys BES] 7152 CIE A QA2 & 4 QA S 49 E B4 QuUth BT G5 2d = A 72 of
E3E AA) el melE 2= sys RE ST elo] 25 g ok
PyObject *PySys_GetObject (const char *name)
Wk gh A A 2. Part of the 173 ABL sys RE A A nameS WF2Fst ALk, A 5HA] SF oW o 9] &
A A 5}HA Oh_ NULL-S wr&ahy ).
int PySys_SetObject (const char *name, PyObject *v)
Part of the 74 ABL v7} NULL©] o}d 3t sys 259 nameS vE AUl NULLC| H name< sys
oA AAF Ut AF3td 0, ol 2] Al -1 Rk
void PySys_ResetWarnOptions ()
Part of the +7] ABL sys.warnoptionsE Wl 8|2EZ A AUt} o] &= py Initialize()
ojdo =&+ A5 Uth
void PySys_AddWarnOption (const wchar_t *s)
Part of the Q73 ABI. This API is kept for backward compatibility: setting PyConfig.warnoptions should
be used instead, see Python Initialization Configuration.

Append sto sys.warnoptions. This function must be called priorto Py_Initialize () inorder to affect
the warnings filter list.

HA311EE H A=,

void PySys_ AddWarnOptionUnicode (PyObject *unicode)
Part of the Q7 ABI. This API is kept for backward compatibility: setting PyConfig.warnoptions should
be used instead, see Python Initialization Configuration.

Append unicode to sys .warnoptions.

Note: this function is not currently usable from outside the CPython implementation, as it must be called prior to
the implicit import of warnings in Py_TInitialize () to be effective, but can’ t be called until enough of
the runtime has been initialized to permit the creation of Unicode objects.

WA 3115 29,
void PySys_SetPath (const wchar_t *path)

Part of the <F* ABL This API is kept for backward compatibility: setting PyConfig.
module_search_paths and PyConfig.module_search_paths_set should be used instead,
see Python Initialization Configuration.

Set sys .path to a list object of paths found in path which should be a list of paths separated with the platform’
s search path delimiter (: on Unix, ; on Windows).

HA3115E A E.

void PySys_WriteStdout (const char *format, ...)
Part of the ¢+7 ABI. format 07 7|eH = &8 EXAYE sys.stdout o 7]Eg Yt} & o] A S
g o 2= 8 eA] U (oFe & R A AIL).
formarE TRE £ FALEe F A 7]E 10008}0] E o] st & A §Hal oF T th - 10008}O] E o] Zof =,
29 A0l 2P 53, ol AL RA G s Elo] glo] AL ok B2 o v G T <N £
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AL-g-8e] A gl o T, 17] 4 <N>2 <N>of ThE £ Bl aE0) o) 27]2 6% o] 1000u}e]
E2 2754 FES ALY A5 AU B3 % E FHAA L, ofF 2 SAE S A2
A4 5 A5k

RAZHEA AL, sys . stdout 7H AR H o] 914 oW, ZAE WA A& AA (C 52) sidouro]] 7] %
Uk

void PySys_WriteStderr (const char *format, ...)
Part of the ¢V ABL. PySys_WriteStdout () % ZA 9, thAl sys.stderr o]} stderrol 1]t}
void PySys_FormatStdout (const char *format, ...)
Part of the <+ 7 ABL PySys_WriteStdout() 3 % AF8F S = o] 2] 9, W] A] A] &
PyUnicode_FromFormatV ()5 AF&3te] L3 HA| A& 422 Zo|Z A= A] k5T
WA 3.200] 7}
void PySys_FormatStderr (const char *format, ...)
Part of the A ABI. PySys_FormatStdout () 3 ZEA] 9 t) Al sys . stderr o] stderrol 34 T
WA 320 F7}
void PySys_AddXOption (const wchar_t *s)
Part of the °+7d ABI WA 3.7 o] & &, This API is kept for backward compatibility: setting PyConfig.

xoptions should be used instead, see Python Initialization Configuration.

Parse s as a set of —X options and add them to the current options mapping as returned by
PySys_GetXOptions (). This function may be called prior to Py_Tnitialize ().

WA 3.29 F7%
WA 3115 #HA9.

PyObject *PySys_GetXOptions ()
ezl W 22, Part of the S ABI W] 3.7 0] 3 &, sys._xoptions&} FAFSHA, -x 342 3 A)
gAY e & vyt ol 2 7F S S H, NULL o] WSS 31 of| 9] 7} A A U o
WA 3.20 27}

int PySys_Audit (const char *event, const char *format, ...)
REE 84 FOo82 A oHIES WA UTH AF Al 05 RESHetaL A o) A] o] 9] & A A 5Fe] 00] ofd
= vy o
If any hooks have been added, format and other arguments will be used to construct a tuple to pass. Apart from
N, the same format characters as used in Py_BuildValue () are available. If the built value is not a tuple, it

will be added into a single-element tuple. (The N format option consumes a reference, but since there is no way to
know whether arguments to this function will be consumed, using it may cause reference leaks.)

PY_SSIZE_T_CLEANO] Fo| = =R HAGlol, # £H A= F4 Py_ssize tE oo}
.
sys.audit () & 3o =G FAT 7o T U
WA 3.8 =7}
W 382004 WA ¢ 2ol Bapel sl by ssize & RFFUCh oA, 9T 5 gt slA
AT 7b AU

int PySys_AddAuditHook (Py_AuditHookFunction hook, void *userData)
G4 BA T P iso] 2o hooke £/ Th 4FE 02, 473w 0
dEd o] 27135 9l o, A A o2l = DA FY T o] APLE F8 F7Hd £
Aejz e Elof tha EEH Ut
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userData QB = & 34
shol# Ael 2 47 B2

(g, H
(o A

SHU & @4t OE AuddA 529 5 dolA, o EAHE
=]
H

Uk,
%

ol = Py _Tnitialize() o]Ao] TS E dHF UL dEHY 273 & T 2H Y, 71E AL
ﬂ1—°ﬂ °‘B11 Exceptiono X A B Ze§4 A ol2]& T A1 A 283 e 2L+ A5k (thE

of &= A= A (silenced) G5 U Th.
The hook function is always called with the GIL held by the Python interpreter that raised the event.

ZAYol T3 A4 o A2 PEP 578 23414 2. o[ IES BN Y= A £ 2 2ol nel 2o
G4t Ak ol ME Fofl tdslo] d5uth AAE S-S 7 g5 AW Aol A5 uth

ABjselelz} 271559, o] B QA glol 4k ol W ays. addauditnook & HAN Y
7)% %] Exceptionol A 34 A o] F7b1 4 9k o8] 7 A9 A ek A
AR F e A I AL O S SR

typedef int (*Py_AuditHookFunction)(const char *event, PyObject *args, void *userData)

o r_\ﬂ
2
o
et
mII
o,
>
E

The type of the hook function. event is the C string event argument passed to PySys_Audit (). argsis
guaranteed to be a Py TupleObject. userData is the argument passed to PySys_AddAuditHook().

B A 3.89] &7}

6.3 TEAMA H|0]

void Py_FatalError (const char *message)

Part of the °+7% ABL z]wgm ol oY HAI A& Qe ZEAMAE &Y YT} o} FEH
SFFUTh o] 4= ghol A A Z B & A& ARS st Aol AT 220 A H A
FUth ol & Sol, A4 Belrt4d Ao 2 B ). f 2 ML, BF 2
7} 525 o] core B A4 T A =TT

Py_LIMITED_API Pl I 27} o5 o] 9lA] 42 3 Py _FatalError () &< A 9 ol52
AHgor 2t mazz thAg YTt

WA 3904 WA P4 ol B AFOE 21 Pk,

_l_4
r[r

void Py_Exit (int status)

Part of the OW ABL @A) 22 A28 FEFVL o] A2 Py Finalizebx () S TEUhH EEC
grol B 2] &4 exit (status) EZEFUYUTh Py_FinalizeEx () 7}l E A8, T3 A&
12002 AAH Yt}

W8 36014 ¥ 3: shel delAlol ol o] o2l 7} B FAIR A gk oh

int Py_AtExit (void (*func)())

Part of the V7 ABL. Py _FinalizeEx ()7} =& A8 §4-5 SEFUTE A 5= 2Ax} glo]
=9 %= whhetA] ghotof gyt Fof 327H-4 A e 55T T A5UH SFol AF3t
W, Py AtExit ()= 0& WhghU T Avshd -15 vk vpxete] 559 Qe 7k uA
SEHUT 2 4 Bt Ar) @8 52U Aol B Aol shol B L shol delA o] H o]

oA g &
28 =7 E‘:H—‘r:oﬂ,funcoﬂ A] 5}o] W API % 3 &3 o F YT
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6.4 D= X E 5}7|

PyObject *PyImport_ImportModule (const char *name)
WkskZk: A ZZ. Part of the 9+ ABL This is a wrapper around Py Import_ Import () which takesa const
char* as an argument instead of a PyOb ject*.

PyObject *PyImport_ImportModuleNoBlock (const char *name)
wkeh gk A FE. Partofthe o+ ABL ©] 4= PyTImport_TImportModule ()2 H X H ¥ Yt}
A 3304 WA o] 752 BE 2HEV AEE FFE HAT A9 SA Ao ARSI T2y
ato] 3.3011/\1 ‘:, = H“‘ of rro] BHol A BE Tyl B2 OE A= 17 Uﬂ*‘ﬂl, o] g9
S48 S4e Ut Ao s Gy

PyObject *PyImport_ImportModuleEx (const char *name, PyObject *globals, PyObject *locals, PyObject

*fromlist)
Wbk A Fx RES 9EXE Utk WA Stold e dmport_ () EF MR F AHE
Az
W e JEE H REO A A/ A0 D AT A2, T s A o917 48 H UL
yrth _lmport_() 9}‘3}* ZYA &, vl o] JA| ¢ fromlist 7} A 5= A] ¢h= gk, 9 7] X o] A B 2 E 0]
SAE RS W] W3 g2 F 39 WA A YU Th
AXE A= PyImport_ImportModule () A E B2FAs ZE AR E A| A ch

PyObject *PyImport_ImportModuleLevelObject (PyObject *name, PyObject *globals, PyObject *locals,
PyObject *fromlist, int level)

Wb g7k A RAZ. Partof the 944 ABI WA 3.7 o] &2, RES J¥E Utk EF _ import_ ()

57k ol G522 47 TE3/ e, 3 oW 5 import () B B3 42 2RI
9%yt

WS e JEE B BEU A4S A Aol thE ML FE, Ei As) A o] 97k 4FE NULLY
ek import_ () S} UHRAAZ, w0} 917 RHL fromlis 7t A5 ) S W, A S| A B wE ol

245 JS W vk g2 A A s A Yt
WA 330 7}

PyObject *PyImport_ImportModuleLevel (const char *name, PyObject *globals, PyObject *locals, PyObject
*fromlist, int level)

wsk gk A ZZ. Part of the V4 ABL PyImport_ImportModuleLevelObject ()2} H] 531X g,
name-< AU FE AR thA UTF-8& A7 H ExG v th

WA 33004 A A level?] 55 2 HE 585 A b5y th
PyObject *PyImport_Import (PyObject *name)

WREhgk: A %, Partof the 94 ABL o2& @A) “UEE F P8 T LE AR o] 2
QU (A A9 level 0 AL-g3hvl], Al QEES SFUTH. A 429 __builtins_ o Qi

_import () @48 TEFUH ot A4 B740) AW YEE FL NGl Y= SYRS
BN

o] Gt B4 A JEES ST
PyObject *PyImport_ReloadModule (PyObject *m)
NEERgk: A ZH. Part of the 173 ABL 2 g BHA] 25 (reload) U Th opA] 2= R 5o @ F2 g
WEERsE ALY Aol Al of| £ 7F A8 NULL S RESF U T (o]w] ZE-E o8] EA Y.
PyObject *PyImport_AddModuleObject (PyObject ¥name)

wisk gk A9l 22, Part of the 9+ ABI WA 3.7 ©] & 2. Return the module object corresponding to a module
name. The name argument may be of the form package .module. First check the modules dictionary if there’

6.4. 2 & XZE 517| 71
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s one there, and if not, create a new one and insert it in the modules dictionary. Return NULL with an exception
set on failure.

Z31: This function does not load or import the module; if the module wasn’ t already loaded, you will get an
empty module object. Use Py Import_ImportModule () or one of its variants to import a module. Package
structures implied by a dotted name for name are not created if not already present.

WA 330 =7}
PyObject *PyImport_AddModule (const char *name)

whek 7k A9 22, Part of the QH4 ABI. Similar to Py Import_AddModuleObject (), but the name is a
UTF-8 encoded string instead of a Unicode object.

PyObject *PyImport_ExecCodeModule (const char *name, PyObject *co)

s zk: A ZFZE. Part of the °F4 ABIL 0] 2 & ©]E (name) (package .module 44 4 AH5Yth

3 shol d who) E 3= 3o 4] 1A U1 Y4 compile ) 2 AL TS AA 2, RS ZE T
A of THet 2 FEE WS AL, i o 2] 7L BAFE 9] 7h 458 NULLS W o,

o & 7} ¥t 8 sys.modules ol A name©] Al 74% Yt} PyImport_ExecCodeModule () o] A9

o name©] sys.modules©l o]u| Qlo]= 2 E T} sys.modulesol] EL4ASA 27|39 R ES

JA T AL g L) 2183 REL AFTE S BE A L 4 9= (28T o BE

Xﬂ“é'xH -4+°ﬂ H] o] & uff &4) el 9}3 = &y ol f17] 'ﬂ%%}bl\:‘r-

The module’ s __spec___ and __loader___ will be set, if not set already, with the appropriate values. The

spec’ s loader will be set to the module’ s __loader___ (if set) and to an instance of SourceFilelLoader
otherwise.

Themodule’s___file_  attribute will be set to the code object’ s co_filename. If applicable, _cached_
will also be set.

o] g4 oln JEE S tH RES A REFUTE RES A 2EFE 5
PyImport_ReloadModule ()& #+
s

it}
oz
kL
rlo

2 FEE o527k, ol v] i o A A] g2 37 A 72

rlr

name©] package.module @42 3
o] A 3] vbE oA A gk5 Ut
PyImport_ExecCodeModuleEx ()& PyImport_ExecCodeModuleWithPathnames ()& FZ3}
Al /\]

PyObject *PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)

Wbk zk: A ZZ. Partof the QH4 ABL. Like Py Import_ExecCodeModule (),butthe _file_ attribute
of the module object is set to pathname if it is non-NULL.

PyImport_ExecCodeModuleWithPathnames ()& ZZ AL
PyObject *PyImport_ExecCodeModuleObject (PyObject ¥*name, PyObject *co, PyObject *pathname, PyObject
*cpathname)
wezk: A 2. Part of the 9+ ABI WA 3.7 0| & &, Like Py Import_ExecCodeModuleEx (), but the

___cached___ attribute of the module object is set to cpathname if it is non-NULL. Of the three functions, this is
the preferred one to use.

WA 330 =7}
PyObject *PyImport_ExecCodeModuleWithPathnames (const char *name, PyObject *co, const char
*pathname, const char *cpathname)

Wk gk /‘H Z2. Part of the 2+ ABL. PyImport_ExecCodeModuleObject ()2} +AFSHA| B}, name,
pathname D cpathname-2 UTF-8 2 Q1 Y H E2} L Ut} pathname?] Zf°o] NULLE A A H 7 oj@
zkol cpathnameol| A SoFdl==] Lol e 1 ).
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WA 3200 7}

WA 330 4] ¥ A: Uses imp.source_from_cache () in calculating the source path if only the bytecode
path is provided.

long PyImport_GetMagicNumber ()
Part of the 2173 ABL T}to]# vlo]E F & Y (L™ .pyc 3F¢Y) 2] ]2 ¥ & (magic number) & ¥F3+5H
o vl 2] MEE who E LE o] A& uto] B0l 25 AT Hhol £ A= £AI8]oF Tt of
Al -1& REEHgU o
W 33004 WA 2w A -1 wakah o,
const char *PyImport_GetMagicTag ()
Part of the Qt7d ABL PEP 3147 & 2] 3}o| A ujo|E
sys.implementation.cache_tag¥ #2AF 34 93 o] = 4l ARg-3l of Thof] -2 M4 Al 2.
B A 3.20] &7}
PyObject *PyImport_GetModuleDict ()
WHSRZE: W7 FR. Part of the 2F7 ABL 2E FE]of] AH85 = 912 (L W sys.modules) & W
FU T ol 2L Bl e Euheh £ A sk W4 elol Fol k4l Al 2.
PyObject *PyImport_GetModule (PyObject *name)
WSk A B Partof the QF ABI WA 3.8 0] 32, Fo]RA o] 50 Z ojn| YXE H LES
T} BEo] ofA A2 E & 2| FYTHH NULL-S JHEHRA| vk ol 2] = A A 31A] ¢k th 23] 9
NULLS WHHstal of 8 & A7 g ot
WA 3.7 =7}
PyObject *PyImport_GetImporter (PyObject *path)
wkEL gk Al 2. Part of the V7 ABL sys.path/pkg._ path_ & pathE § 3k 5hely A
23 th sys.path_importer_cache YA oA A 5 Q5L Th of & 7| A]
A2 P AT 5 e Fo] HHE w7hA sys.path_hooksE BHAF UL Fo] glowd
2 vtk o) A8 TEA A A= /U 5ol v 7 o] A% FEo| thE FATE HE
A EUrh sys.path_importer_cacheol] 23E 7fA] Yt} Ikl A A o
2.
int PyImport_ImportFrozenModuleObject (PyObject *name)
Part of the 7 ABI WA 3.7 o] &£ &. name©] 2+ o] 529 Z & & E E (frozen module) S & =3}
AEIAW 1S, BES BA 23 02, 27|50l Avjste o] 98 s 12 W Th 2=}
A2du dXE H ZE IN238H PyImport_ImportModule ()2 AFRIHEAI L. (BEH
ol Fol FTAHA L — o] F= BEO o] dEE H IS W thA =7 TH)
WA 330 =7}
WA 340 |A: _ file OEZREE He B0 AAHA sk
int PyImport_ImportFrozenModule (const char *name)
Part of the V7 ABL PyImport_ImportFrozenModuleObject ()%} B]S3FA 2t nameS FU I =
Az thA UTF-82 139 H Ex1g uch

1
o
i)
ol
=
f

=]

=]

¢

struct _frozen

o] 22 freeze FH B E| (FFo| M 22 w2 9] Tools/freeze/ & FRIFA ) 7M AT 222 2E
OASEE 99 227 3 B AUt Include/ import ol 9= Ao = the 3 e

struct _frozen {
const char *name;
const unsigned char *code;
int size;

(TH& sl oA ol A1)

ol
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(o148 s o] A oAl Al A
bool is_package;
i

WA 3.119 4 ¥ 7: Thenew is_package field indicates whether the module is a package or not. This replaces
setting the s1ize field to a negative value.

const struct _ frozen *PyImport_FrozenModules

o] ZAABE rrozendLEY AL 7Y £ 7185 o, W7k R NULLO 0 HHER
Eo mee ok dee G o dolge i AR ALE A o) A8t
SAoR A4E 2RE BE 294L AT 4 A5

int PyImport_AppendInittab (const char *name, PyObject *(*initfunc)(void))
Part of the 917 ABL A8 A 2E Holfol dd mEE FAdch o
PyImportiExtendInittab ()&% /V\]-L Helst B3 A, HolES &3 4 gled
Utk A BE-2 nameol = °]E°E°‘4E9 AL, initfunc T A=
IEH = 27 AT EASFULE Py_Initialize () Aol &3 oF ot

struct _inittab
W3 BE 280 gt 9d FB2 /& FEA oA
PyImport_ExtendInittab ()3 37| o] & 3t |
ek 2RAL T AL WHE TAH Utk
const char *name

EE o5, ASCIIZ Q7% BX4.
PyObject *(*init func)(void)
JEZEE WAH RS 9 273 T4

int PyImport_ExtendInittab (struct _iniftab *newtab)
W 2E HolEo E ZHA AL Z71 Yt newtab Wl €& name L= NULLE Z£335t=
(sentinel) 350 2 Ebof itk MEld e AF5HA Fo® wwe] o R AT & UdHU T
QEeE 0L, U Bol B2 %a] A Me el FReA dew 12 nash. Asad
Wi Bl ol Eol BEo| 71 A s UTh Py_Initialize () 3101] STEsoF FuTh
If Python is initialized multiple times, PyImport_AppendInittab () or
PyImport_ExtendInittab () must be called before each Python initialization.

6.5 O|O|E]| Ojaral x|

o83 L C AE bmarshal REF 22 HolH Y42 A4g5tel 483E AN 4G T 5 A=T
BUo. 85 300 HoH @ 2 gasl Holelg ol ool AET 5 A 27k B0 Y,
ule 9 ool B8 A 4she ol A-8H £ 91Q L dlol e BEE dojop gt

57 3 A58 vhol 27} WA A U

The module supports two versions of the data format: version 0 is the historical version, version 1 shares interned strings in
the file, and upon unmarshalling. Version 2 uses a binary format for floating point numbers. Py_ MARSHAL_VERSION
indicates the current file format (currently 2).

void PyMarshal_WriteLongToFile (long value, FILE *file, int version)
long A4 value 3 file = nFAFRUTE value®] X 615 3240 E ®F 7] 539Ut 714 long 39 27}
BA o). versione 3+ & AL LhEFA U )

This function can fail, in which case it sets the error indicator. Use PyErr_Occurred () to check for that.
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void PyMarshal_WriteObjectToFile (PyObject *value, FILE *file, int version)
stol X AR value s file = YT version> 319 3 A& EFH U T
This function can fail, in which case it sets the error indicator. Use PyErr_Occurred () to check for that.

PyObject *PyMarshal_WriteObjectToString (PyObject *value, int version)
SRk Al Bz 0HEE vale B S EFE vlo|=d AA B WA version & 7 3
Ay,

b #4E AS s v e o) 92 4 gtk

long PyMarshal_ReadLongFromFile (FILE *file)
917] 918) 4 FILE* ) o] o] E] 2E YA C Long S ¥HEHIth o] §48 AHE3H Long9) 7] &
27)9} BAGlo] 320 = gk 92 4 A uth

ol & Al, &3 ol €] (EOFError) & A8t -1& HHEHgHY]
int PyMarshal_ReadShortFromFile (FILE *file)

ol7] 98] Qe FILE* 2] tl ol E] AE 0| A C short 2 ¥Fe3H T}, o] 342 A} 281 short o] 7] &
712k AA Yol 168 E ek el& = syt

o] Al, A A% 2] (EOFError) & AR -1 W& Th
PyObject *PyMarshal_ReadObjectFromFile (FILE *file)
Shekgh Al 2z, 97) 915 QA F1Le+ o] ol e Aol A Thold AR S AT T

o & A, A A3l o Q] (EOFError, ValueError £+ TypeError)E A Al NULLS ¥H3shuy o},

i}

REREIS

[e:

o

PyObject *PyMarshal_ReadLastObjectFromFile (FILE *file)
ek gk A FE. 97 A8 €™ FiLEx 9 ol AERA Ftol AAE v
PyMarshal_ReadObjectFromFile ()} @], o] 4= o uldoA AAE A &
AR BozA, 7 HloE B v ele] 420w 2E B4 o1, Ho]A B e =4 gL b
Wmelo] gt Hol el A o AR5 AFH 5 A5tk HLAA oW A% AA BE Aol
10| & 2ol vk o] WAL ALE A4 2.
o & A, A A3l o Q] (EOFError, ValueError £+ TypeError)E A A1 NULLS ¥H3Hshuy o},

PyObject *PyMarshal_ReadObjectFromString (const char *data, Py_ssize_tlen)
g A BE. data?h 74 715 len ¥HO] EB £ whol £ W3 9] Hlo)8] 2= oA shol A A
£ wrskgheh
of & A], 2 &3l o Q] (EOFError, ValueError B TypeError) & A A 811 NULLS ¥FEgHY T}

6.6 2z} 712 EMut gt 75

These functions are useful when creating your own extensions functions and methods. Additional information and exam-
ples are available in extending-index.

AmE o]# el &4 = AL M 7]Q PyArg ParseTuple (), PyArg _ParseTupleAndKeywords () B
PyArg_Parse ()= BF o4 ARl &k AL 4o &= g AFRE = W B2} (format strings)
S BT EUW EALL 0|2 % 7} ol o] 22 EWL ALE T
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ZW ZALEL2 070 o] e] “ 9 &9 (format units)” 2 /3 F Utk 29 &9 = stute] shold AAE A9
Uth dubg oz ad FAu 252 7 29 @ AFdAd Ytk B 7HA] A9 & A9 s, 2T e F<l
Al 27)obd I Tl = %‘1@23 ojg gt Tl et & d T4 At thS itk tha ARl A,
218 (quoted) P22 W A JUTh (53) ZE ¢S] FHL2 2 9 & A sk shold A F At
(23] ko] TR F2E5 A of o= C U2 FdUth

oIS ENS A AL H o v we) F=2 AA ] AA L T 5 AFUTh HEHD FURS o] Y
Jofol et 94 AF4E ATE Bas} dsuh
D) WAIH A ke o, W FENULE 254 st

There are three ways strings and buffers can be converted to C:

ey &b s T XYL Py_buffer F2AE AFUth ol dF WHE F7A, TEA7
Py BEGIN ALLOW THREADS B2 Yo A E 7bd dolgl el 277 2A% A} 932 98 glo] o
Foll oA & AHEE 5 Qs Ut ABmoz, HlolH Hel e nhdl F (B BE 27 299 39)

PyBuffer_Release ()& Z&3oF gt}

e The es, es#, et and et # formats allocate the result buffer. You have to call PyMem Free () after you have
finished processing the data (or in any early abort case).

o Other formats take a st r or a read-only byzes-like object, such as bytes, and provide a const char * pointer
to its buffer. In this case the buffer is “borrowed”: it is managed by the corresponding Python object, and shares
the lifetime of this object. You won’ t have to release any memory yourself.

To ensure that the underlying buffer may be safely borrowed, the object’s PyBufferProcs.
bf _releasebuffer field must be NULL. This disallows common mutable objects such as bytearray, but
also some read-only objects such as memoryview of bytes.

Besides thisbf_releasebuf fer requirement, there is no check to verify whether the input object is immutable
(e.g. whether it would honor a request for a writable buffer, or whether another thread can mutate the data).

ZF31: For all 4 variants of formats (s #, y#, etc.), the macro PY_SSIZE_T_CLEAN must be defined before including
Python.h. On Python 3.9 and older, the type of the length argument is Py_ssize_ tifthe PY_SSIZE_T_CLEAN
macro is defined, or int otherwise.

s (str) [const char *]

FULE A€ 2 ADo] o9 C EAE|Z AR t). 71 & E Aol o & LAF o2l o] F48
AL 24 ZAH W] 43Pk C 24D NULE 2P U shold 492 38 9
e __LO] = J.?j ]—X] o]—o]_o]; 61—1,]1;]_’ :Lar/}uq ValueError o:”ﬂ 7} H]—/\gb‘h,]q_ oz e A X‘“L‘

'utf-8' I P& ARGt C EAE 2 AP Uth o] Wdo] A3, UnlcodeErrorﬂ 2y ot
Utk

A30: ol E 9L whol =9 A WorE oI A Gt 1Y NI4T 28 Wore o) 1o & C A
d2 W3slE W, PyUnicode_FSConverter ()5 converter 2 Os W& AFE31+= Zlo] 5 U TH

WA 35004 WA o] Aol &, ol FAEoA WEH d ZE £AEV LA H TypeError 7}
A WS U o

s* (str = Hlo|EY R A [Py buffer]
o] LW Hio| EGF AA T oty gt fFUIAE AAE HotsdUth SEA7FAF 8 Py_buffer
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U5 A Brhe A2 A9 S, s+ 9 2 UTh Aok T A9 Casel 43Rk A W
WM CEADel et ZAE o) w, T WA Mt Pol gyt EAGL Y G ulol EE 2T 4
&yt fUTE AFE w8 ATYE Aol C 4D WP T,

z (str &= None) [const char *]
soF ]t A| B, 3ho] W A 7FNone ¥ % (=], o] A% C ZAEZFNULLE A F Ut

z* (str, H}o]| E 9 F 2 A &= None) [Py_buffer]
s* &} v 523 W, shol W AA| = None ¥ 5 Y5UTh o] A% Py _buffer F2A 2 buf WH 7}
NULLZE AAF Ytk

z# (str, §]7] A& vlo] EH 7 7 4] == None) [const char *, Py_ssize t]
s# 9 v EtA B, Fhol M AA = None d T % Q5 Uth o] A C ZJAEZFNULLE A8 H Uth

y (817] 2§ nlo] =4 F 2 A) [const char *]
o] ML o]l EL R AN E Ul ExGo 3 C 2AHE A3 th FUIE AA S wolE o] A
A5 UTH vlo]EE WH &= W d uio]| EE 2338HA] Fobok iyt Wk 1 ¥, valueError
of £} 7} A g ok
WA 35004 MA: o] Ao, vl EE WA U @ vle] EZ A W TypeError 7} B
Sh=2

y* (B}o] E <57 74 A]) [Py_buffer]
s*9] o] Wiy FURE AA 7} ohy gt vl EQF A otE Y Uth ulo|y g dlo]E & Wols
ol A H Ytk

yv# (2] 7] A& vlo] E D5 2 A)) [const char *, Py ssize t]
s#9] o] ML S I AH 7} o} g} o] E D= A uk wkol- S <t

S (bytes) [PyBytesObject *]

HES A 23] o411, sfo] W AA 7t bytes AA L AL 27 Uth AA| 7} nio]EQ AA 7} o™
TypeError& A AUTH C H4E Pyobject* 2 AAE £ 5 95Ut

Y (bytearray) [PyByteArrayObject *]
WMHL A5 9, shold AR 7bbytearray AA Y 2e 27 FUTh AR 7oytearray AA 7k
oby® TypeError& YA YT C M Pyobject* 2 AAdE £ FYth

u (str) [const Py_UNICODE *]
Convert a Python Unicode object to a C pointer to a NUL-terminated buffer of Unicode characters. You must
pass the address of a Py_ UNICODE pointer variable, which will be filled with the pointer to an existing Unicode
buffer. Please note that the width of a Py UNTCODE character depends on compilation options (it is either 16 or

32 bits). The Python string must not contain embedded null code points; if it does, a ValueError exception is
raised.

WA 35 A WA ol el shol M A Y3E d FE EES BAS W TypeError 7k
g E SR a= g

WA 33004 A= A5 U th WA 312004 Al A Y th: Part of the old-style Py UNICODE API please
migrate to using PyUnicode_AsWideCharString().

u# (str) [const Py_UNICODE *, Py ssize t]
This variant on u stores into two C variables, the first one a pointer to a Unicode data buffer, the second one its
length. This variant allows null code points.

H A 3394 #H 2= A5 Ut WA 3.1200 A Al A% Y th.: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_AsWideCharString().
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Z (str or None) [const Py_UNICODE *]
Like u, but the Python object may also be None, in which case the Py UNICODE pointer is set to NULL.

A 33004 AR5 QA5 8 A 3.1200 A A A F Y th.: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_AsWideCharString ().

Z# (str or None) [const Py _UNICODE *, Py ssize_ t]
Like u#, but the Python object may also be None, in which case the Py_ UNICODE pointer is set to NULL.

H A 3394 #H X 5 Ut WA 3.1200 A4 Al A% Y th.: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_AsWideCharString().

U (str) [PyObject *]
ASHE A= e A) 9k, sho) Wl A} FULE AN L AL 2P
TypeError& HAAI YT C H5E Pyobject*2 AdE 5 FY
w* (§]7]-7] ulo] E L5 71 A]) [Py_buffer]
o £ E 917]-227] 3] Qe 3] o A& TR B
T2AE AGUTH Wl U d ufo|E7} 238 5 S UTh TS A NN E T AL uhA Y
PyBuffer Release ()& &3 oF gt}

o
=3
i—'a
N

FeuRE AA 7} ohw

oy

es (str) [const char *encoding, char **buffer]
so oWy e eI E Ba v 2 dFYets o AFLE Ut Y& NUL Hlo] E 7} £ 3HE] 2] oo
Q1558 ool o) of A] v 25 g o

o] Zuloll= F 7He] A7 B etk A WA= dH o2 AR H T, 13 Y o] 5S 7H2] 7] NUL
T8 FAYE const char* o] Al 'utf-8' AT O] AHEH =5 k= NULL O] o] of Tt W H
Az o] spolref] G A Fok o™ o€ 7 B Th F AA A= char** o] oF Itk Fx
Ste ZAE Y] F2 AR g2EQ] Y go] A= HFHE AAF U d2Ex 3 A ARl A4 9
dzgeoz JdIgFHYh

PyArg ParseTuple ()2 883 37|19 W¥ & &F3tal, QAT QG toE| & o] I ol BEAFSL A=
P AR AE BENEE hufrE 2 ATULH TEAE AE Fol SIE #3E A5 A9
PyMem_Free ()& ZZd oF &Yt}

et (str,bytes &= bytearray) [const char *encoding, char **buffer]
vlo|E Z21E AAE thA] Z93HA il FHA Y= A& AL st es2F 25Ut il +dE2
dlol = 224 AR ) WS R A9 A7Y L Agarha AR

es# (str) [const char *encoding, char **buffer, Py ssize t *buffer_length]

st o] WYL FUA=E BA W2 d a3t o AFFH U es T3 e, o] WYL NU
24 2GS 99 ol HE 3§tk

A 74 QA7 ey A MAs 9oz w A8s v, A3 o] £ 7lel 7= NUL £ 5 #2494
2 const char*o] 7}, 'utf-8' 9159 o] AL EE 3= NULLo] ofof Ttk WHE Am ol
sho] Wol el A 4| ekgro® o) 7k WA FUTE T WA A char*x o] of Ptk Fx s £l
HO g2 A EAEY W&ol e W HE AAFH UL HAEE A WA Ao AFHA TG o=
o1z Uk Al WAl Azke Yol thek Lolelofof itk F2 8 J5E 28 v o] E +2
43Rk

% 744 25 w ek ok

*buffer 7} NULL Z B & 7}2] 7], g Q3 7]
BV thuffer S M2 SFEH AEAE 5t

.

Fata, o] MiF 2 7 JH v o] e E
= FE HAHE

*buffer 7t NULL 0] obd ZAE S 71e] 719 (o] v] &3° WM H), pyarg ParseTuple ()& o] 9IX& H
B & AREBHAL *buffer_lengtho] 27 3k= W3 7|2 AUtk I8 o3 JIFE H H o] B & W H
B ALl NUL 223Ut} W57} 2823 34 909, valueError 7 A A E Ut}

F A BT, fbuffer_lengthi= ¥ NUL vpo] ES A9 ¢k A7 & vlo] e o] doj& d4 Utk
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et# (str,bytes = Dbytearray) [const char *encoding, char **buffer, Py ssize_ t *buffer_length]
= AS ALt es# g Z5Uth A, FA L

dpo] = £24ed A4 & thAl TSR] gk B 72 Th
dlol 21 A} i) e AgE A=Y S gt AR g o

= At

b (int) [unsigned char]
Convert a nonnegative Python integer to an unsigned tiny int, stored in a C unsigned char.

B (int) [unsigned char]
Convert a Python integer to a tiny int without overflow checking, stored ina C unsigned char.

h (int) [short int]
gto]W A4E Cshort int 2 HEIH )
s,

H (int) [unsigned short int]
SHEZ AA Qo] 3to] W A4S Cunsigned short int & W3
i (int) [int]
vto] A HA4E YUk C int 2 WS
I (int) [unsigned int]
SHEZZ FAAFQlo], Fo]#H & Cunsigned intZ W33,
1 (int) [long int]

A==

sto] W J4E Clong int®E HEAFYThH

o

k (int) [unsigned long]
SHEZ AAFglo] 3tol W F4E Cunsigned longl 2 WHESY

L (int) [long long]
glo]lW A4 E Clong longl & W3S}
long longl & WHEFTh

K (int) [unsigned long long]
SHEZ FAFglo] o] H+E Cunsigned

n (int) [Py_ssize_t]
ol F4E CPy_ssize t2 WAFUTH

c (Zo] 19 bytes =+ bytearray) [char]
Zo]7l 19 bytesY bytearray A2 ZAH

A 3304 WA bytearray AAE 323k

g}o] W "o EE C char & M3t

C (4o]19] str) [int]

Zol7F1Y str AA 2 A, sho]W A4S Cint 2 HE gtk
f (float) [float]

Convert a Python floating point number to a C f1loat.

d (float) [double]
Convert a Python floating point number to a C double.

D (complex) [Py_complex]
tolH A4S Cry complex 722 At

L
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71t 24|

O (object) [PyObject *]
C AA| A gtolx AAE (AE o) AZFUTh b C 22 7182 AGH AA 7“Xﬂ% <5
Utk Ao st A2 43k Fx2e AEEA SFFUTHS, A =z 35 %%7}6}11 S4yth.
749 EQE & NULL o] oby U o

0! (object) [typeobject, PyObject *]
C A7 ZIE o shol 8 AAE AT o] AL 0% fARA W, F A9 € AXE AR Th: A
HA = spo] W & A9 Fa40lal, F WA= AA E£AE7F AFE = (Pyobject* F9]) C M9
Z 49Utk sho] A A 7} B 23 3 o] bW, TypeError 7} A L Th

0& (object) [converter, anything]

converter%‘—’?—‘é &3l 3Jr°] W AAECHSE AT h F 9 AAE AU th A A= o)A,

T A= voidr 2 HEE, (499 39]) C U9 FAYUTH converter T4+ T3 Zo] SEH U

c}:

[status = converter (object, address); ]

o 71 A object= e Tho] A A Xﬂ O]J_ address*= PyArg_Parse* g0 A2 H void* 12+ L]D}
WHehE stanus= A2 Q) W E] A% 1032 W ko] Al g AF 00]ojof Firh. W] Asfatu
converter &5 &) & LY A 7] 2L address®] W& T oA g2 AEE FofoF fhth

If the converter returns Py_CLEANUP_SUPPORTED, it may get called a second time if the argument parsing

eventually fails, giving the converter a chance to release any memory that it had already allocated. In this second
call, the object parameter will be NULL; address will have the same value as in the original call.

B A 3.19] 4 ¥ 7: Py_CLEANUP_SUPPORTED was added.

p (bool) [int]

AP o) =2 g Bl AE (22l predicate) 3131 ATHE FE5 T C AL AEGEOE WY
EAA o] FolW it 12, Ao W 002 APk WE F A kol A gL 1§ Tk shol Aol
el g HAESE ol tha AT S-S uth S B2 L.

B A 3.30] F7}.

(items) (tuple) [matching-items]
AR Aol 7hiensell 1= £ TS 0l ol 8l ALl of UL C AAHEL tomso] A 2
2]0] o 85l oF Fick ATz Tl whel = F 0D 5 Aok
It is possible to pass “long” integers (integers whose value exceeds the platform’ s LONG_MAX) however no proper range
checking is done — the most significant bits are silently truncated when the receiving field is too small to receive the value
(actually, the semantics are inherited from downcasts in C — your mileage may vary).

2 7hA) e BAbs E9 BAGOIA Gl Utk FHE BE A AE vehg & ek 152
I

shol Al Q1A B 229 Um A AA7h A8 AL hebdUth A8 Axpel s C Mps
1oz 27105 ook Yk — AEA A7 AR A & w, £yare parsetuple (& AT
cHso g A=eln @5y

PyArg ParseTupleAndKeywords () ,ﬂo H} ]’?ﬂ ‘_Z]-ﬂ/\E./] 14—1311] ?_]7(]'7]' 7]‘045 73%01‘%
Uetd Ut ), BE 7|9 E A& A= A9 AR op et R, | & 3 W FALAA s
2| Q= of of it

WA 3.30] F7}.

ol 2] w Al A oA g o] F 22 A EH YT
-,

EZRW S B REE 7oA SdUth & A9 FAE

(PyArg _ParseTuple () ©] ‘3]'/\“/\] 7= o9 o] “AAH

2 rlo

2
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el A BEUTH Alu] 2 Fe] BAAL 712 o WA A e o2} BAA] A
Utk : 9k = A= a A g

£ shol A AR F2E U e L (borrowed) B2 o) 79 3414 2; A SHA vh41 A 2

o] Fa0fof Ptk o] 52 ¢
2, olg v Werl g e
A7 A A3 ok g e,

l’

WEo] §Fotel W, arg AR 7 LU} N30k sl = g
A2 wEsl, 284 dow ARL NHAHT 4D 92 TG £ 9] 5 5o
P : v EU BelE AseA

5% (& oot ¢
zfy gt >
(g
)
fu
rO
=0L_v‘

19
=

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
Part of the 2% ABL 913 WA/} 5wt A W42 A5 Fo) WA A2
d e WUl AsetE, AZle Hkgketa A -5 o 9l & 3 A Y Tk
int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)
Part of the 2% ABL 7@ Ao Ax7 obd valist® wolsdthE AL A9 s,
PyArg ParseTuple ()3 354}
int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject ¥kw, const char *format, char *keywords([], ...)

Part of the °+7%] ABI. Parse the parameters of a function that takes both positional and keyword parameters into
local variables. The keywords argument is a NULL-terminated array of keyword parameter names. Empty names
denote positional-only parameters. Returns true on success; on failure, it returns false and raises the appropriate
exception.

WA 36004 W 7: 9121 w7 5o Thek A o] F7bE &Y o

int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *keywords[],
va_list vargs)
Part of the V74 ABL 7AW A% A7t obd valist® WorEoltht AL A9,
PyArg_ParseTupleAndKeywords () & 35 4t}

int PyArg_ValidateKeywordArguments (PyObject*)

Part of the SF7A ABL Z19 = odx ddde e 77 EAdedx &Fgyrh
PyArg_ParseTupleAndKeywords () 7} AbES 5 A k= AT 28Ut o714 o]y

ol At #dsH7] W& d Yt
W 3.20] 7}

int PyArg_Parse (PyObject *args, const char *format, ...)
Part of the 2+ ABI. Function used to deconstruct the argument lists of ““old-style” functions — these are functions
which use the METH_OLDARGS parameter parsing method, which has been removed in Python 3. This is not
recommended for use in parameter parsing in new code, and most code in the standard interpreter has been modified

to no longer use this for that purpose. It does remain a convenient way to decompose other tuples, however, and
may continue to be used for that purpose.

int PyArg_UnpackTuple (PyObject *args, const char *name, Py_ssize_t min, Py_ssize_t max, ...)
Part of the 2% ABL Q17 3¢ A 517] 913 £ £ADL A281A ok T hka g 4le) ul ) A4
23, ol oz w7l g AU dae T v E Hl o] S0l M METH_VARARGSE A1 A= o
o Utk AA A MFE ERFE FES args ADH o] of FUITh; o] AL WA FEo|ofof
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FuUth FE2 2ol min 0]/ max o] 8ol o] oF Ytk mind} max< Z& ¢ AFUh F7F A=
o] AE ofof &hu, 7 AR pyobject* Mol th 8 Z A E o] of T th; o] 5L argso] Fro 2
ARAUE L8 Fx7 23U argsoll Al A F8HA] ¢k A A i) ol B g ot W
AAAA st ol AE2 &2kl o8l 271315 of of Fyth. o] e FFstd S WhEstu
args7t & o] of ALk, ARHE 0] 245 7ol AN WY ok *‘JHS}‘I‘ ol 17} 44 g Yt

32 o] g A9 o dUt), et FZE 9% _weakref T91] REQ A2A HA S YTH

static PyObject *
weakref ref (PyObject *self, PyObject *args)
{

PyObject *object;

PyObject *callback = NULL;

PyObject *result = NULL;

if (PyArg_UnpackTuple (args, "ref", 1, 2, &object, &callback)) {
result = PyWeakref_ NewRef (object, callback);
}

return result;

}

o] | A|o| A PyArg UnpackTuple ()o] 8t T&L PyArg ParseTuple () sttt &34 A

Ao g ==}

[Py]—\rngarseTuple(args, "O|O:ref", &object, &callback) J
6.6.2 gt A=
PyObject *Py_BuildValue (const char *format, ...)
vkt gk X R, Part of the V7 ABL PyArg_Parse* St Al QoA WholEol&= A} A 29 &
2+ 3 gk /‘]%i £ 7|t ® Af 3hS e Yt g2 ‘f&%ﬁ}ﬂb} of 2] 7} A & NULL S W3k o}
NULL o] B3] ¥ o] €] 7} A gy o}
Py Buildvalue )= 34 FEES FEHAL vtk T 240 E ol o) 2 W9t 2
H 9L W9 FEL FE T £u FApgo] wof 9O H, None NHEFI Ty F B3| hite] =)
%H%: Z3std, sl =9 97t 7leste AA 7 Folold vk Ut 27700l 19 FES

bl 513
MESES e, 29 FAAL BT FoA L.

s s# WO ALAH, W2 W7t olHE WE AR AlFetr] A8l i) W2 A o,
Z 23 golg 7} EAE Utk & A7) Al 2st= WlH = Py Buildvalue ()7} BHE —.xﬂ°ﬂ o=

¢
K

.LL]J_L‘_

ZHA FFULh &, 982 TE=7Imalloc () & &3 G W E2 e E Py _Buildvalue ()l
AGstd, A Py _BuildvValue () 7} WHete A of gjto] Z=7L | W R 2o 3] free () E T
3 oF U Th

O3 Ao, 89 F42 29 A dUth (53) 235 ke §52 =9 o9 7 w3 sho) A
A FFUTH [HZE] o] FES AL C 7Y FYgunh

A as o) B, FE Y I3 2 ZAEANA FAB UG (BHAI W s#2F 22 29 T Yol A=
obdurth. o] A& 7 W EAE S £ ¢ 7] GA = U AT 5 A5k

s (str ™= None) [const char *#]
rutf-8' AT YL L3 -5 CEALE vto| A str AA 2 WYLk C FxY =
Bl 7k NULL ©] 9, None o] AH-5 Wt

s# (str &= = None) [const char *, Py ssize t]

o

'utf-8' A TGS AL C EALE T 1 o] & Thol M str A2 A YT C EXE 2
B} 7} NULL o] |, 4 o] 7} A5 31 None ©] R U T},
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y (bytes) [const char *]
o] A& CEAE S ol bytes AA 2 A&t CEAFE QA E 7FNULL o] ¥, None ©] ¥
gk,
H

y# (bytes) [const char *, Py _ssize t]
o] AL C EAEH 1 Aol & Fhol A AA 2 WEAFTh CEAE Z 2 E 7} NULL ©| ¥, None 9]
uhEhg Y o,

z (str &= None) [const char *]

s sk 2 Utk

z# (str &= None) [const char *, Py ssize t]

s#I ZFUTh

u (str) [const wchar_t *]
S UF T (UTF-16 === UCS4) U o]E 9 Y-8 wchar_t HHE Fto|H U I E AA 2 A3
FUth FUZE W3 Z2AH 7¥NULL°]‘E,None°l Llcia=RRi=

u# (str) [const wchar_t *, Py ssize t]
U I E (UTF-16 == UCS-4) tl o] 8 w59} 1 Aol & Ffo|H fFUTE AAE AUt
UIZ= W3 2AE7FNULLO|E, Z o] 7} F A= 3l None ©] ¥H3HH U T},

U (str == None) [const char *]

sek 25U tth

U# (str X = None) [const char *, Py ssize t]

s#3 Z5UTh

i (int) [int]
AUl C int & gho| W A4 AN 2 A3y o)

b (int) [char]
A8 C char < ol 4 A4 AR 2 WS ok

h (int) [short int]
UYFC short intE JFo|H A+ 2

it
2
i

A .

1 (int) [long int]
Clong intE sheld A% A7 = W& )

B (int) [unsigned char]

Cunsigned char& ol A AAZ AT}
H (int) [unsigned short int]
Cunsigned short intE Ito|X A4 AA =2 HEgH T}

I (int) [unsigned int]

Cunsigned int& 3ho]# A4 A = A&},
k (int) [unsigned long]

Cunsigned long< mto|X A4 AN =2 WIS}
L (int) [long long]

Clong long< dtoly B A 2 MG

K (int) [unsigned long long]
Cunsigned long longS 3o A4 AA=Z WA

Fuh

r (

n (int) [Py_ssize t]
Cpry_ssize t& Fo|H A2 At

c (Z o] 19 bytes) [char]
ol EE YE= Cint § o] 19 Fto]# bytes AA 2 HEF T

. QIR P2 BT gt 715 83



The Python/C API, 2 2|A 3.11.14

C (Zo] 1¢] str) [int]
225 JEhE C int & o] 19] Shol @ str A7 2 WEg T,

d (float) [double]
Convert a C double to a Python floating point number.

f (float) [float]
Convert a C f1loat to a Python floating point number.

D (complex) [Py_complex *]

C Py _complex +ZAE sto|H B4, 2 HES T

O (object) [PyObject *]
ol 2 € A ALHAY, 3 AN AL E DT A2 E LI (5 B A5 37
a;}qp}) A2e AR 7FNULL 2O W, AAE AP B Eo] oS WAy @ﬂﬂ s 243
7)) B o g 73tk wakAl, Py BuildvValue ()& NULLS ¥Hebal2] 9l o 9] & WA A 7] A
gg_—gl/]r/}. o}Z] o ] 7} WA B} A] ¢k oW, SystemError 7F A FH Ut

S (object) [PyObject *]
0%} ZHYTh
N (object) [PyObject *]
08} ZA R A2 ek A2 UEA AFUTh AR B REA A GRS TE5t] AAE

WS o) #-8 ok

0O& (object) [converter, anything]

converter 55 53l anything= 3ho| A AR 2 HESHU T} St QA RFE anything(void* 9} Eﬁ‘r
=] of oF g DH o AFE3te] S 2= o “Af” Iho] A AXE WER 5P74 i}, o ] 7} i3 81 NULL =
k23] oF gy T

(items) (tuple) [matching-items)

CRLe A AAE F2 571 22 sholfl FEZ W@ ok
[items] (1ist) [matching-items]

CZH A ALE G2 571 22 shol 4 P2ER AT

{items} (dict) [matching-items]
C7tol NAAE sho] A AU e 2 A Th A% C gte] 2442 G veol shel 32
27 slol, 247k 7] 9 gre = A-2H Yok

29 B0 o] 27} 9.0, SystemError o9 7} A 4% 1 NULL o] ¥HEHE | T,
PyObject *Py_VaBuildValue (const char *format, va_list vargs)

vkskzk: A ZR. Part of the $F7 ABL 7HA 7]52] Q2171 obd va_listE wholS it A A9 ahd,
Py _BuildvValue ()2} S 43t

6.7 EXtY HEta} ZoHE
A AT TUE £AD 292 AT T4

int PyOS_snprint £ (char *str, size_t size, const char *format, ...)
Part of the °+73 ABL. Z v £x}9 formatJJr =7} o1 X]-Oﬂ el size POl EE YA YT E g2 &Y
FYU2 wF L H o)A snprintf(3)E BHAAL

L0

Y.

int PyOS_vsnprint £ (char *str, size_t size, const char *format, va_list va)
Part of the ¢+ ABL. E 9 29 formar 3 71 <1 Z]— E ya Oﬂ Wz} size O EE U A YEE sr 2
29Utk Y2 5L d oA vsnprintf (3) & E*"\]
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PyOS_snprintf () 9]- PyOS_vsnprintf ()<
AUt 259 5842 FA 2 2EC

geh.

Z ColB# 8 &4 snprintf () & vsnprintf () &
G AFRA e ES) dBE FAS Mg A4

ok

ize-17 0] A 1\0" o] H 2 Gtk strol size Hho] E(FA 1\0' IS ZH3HA

Utk T &4 2% str !'= NULL, size > 0, format != NULL Y size < INT MAXES &

FUth o= o3 2715 2BF=C9n = snprintf (NULL, 0, ...)°lsi%Este 2o glthe
o]

o)
K
Ir
i)
T,
e
>
0
e
g
o
H

o] k=8l W Fh(m) 2 thx 3 o] s A= o of Fr o
¢« 0 <= rv < size @ ufl, 28 A FI o rv TATFsroll 71 S5 AF5 YT (strirv] & T3
0" Hho] & A 9)).
crv = size 9 W, 29 Wdo] TP AFFHAE rv + 1 whol=e] WA B Gk
strsize-1]-2 ojuf "\0' YUYt}
e rv < 02, <R B o] Aokt Th” oW E str(size-1]1-S 1\0' o] ARk 5o Lp A=
golH A FsUTh o2 Y Fest A sht S;EF o wet e U th
O e 2AY SHAA AL A AR fdS AT
unsigned long PyOS_strtoul (const char *str, char **ptr, int base)

Part of the Q7 ABI. Convert the initial part of the string in st r to an unsigned 1long value according to the
given base, which must be between 2 and 36 inclusive, or be the special value 0.

Leading white space and case of characters are ignored. If base is zero it looks for a leading 0b, Oo or 0x to
tell which base. If these are absent it defaults to 1 0. Base must be 0 or between 2 and 36 (inclusive). If ptr is
non-NULL it will contain a pointer to the end of the scan.

If the converted value falls out of range of corresponding return type, range error occurs (e rrno is set to ERANGE)
and ULONG_MAX is returned. If no conversion can be performed, O is returned.

See also the Unix man page strtoul (3).
WA 3200 7}
long PyOS_strtol (const char *str, char **ptr, int base)

Part of the 273 ABI. Convert the initial part of the string in st r to an 1ong value according to the given base,
which must be between 2 and 36 inclusive, or be the special value 0.

Same as PyOS_strtoul (), butreturn a 1ong value instead and LONG_MAX on overflows.
See also the Unix man page strtol (3).
¥ A 3.20] &7}

double PyOS_string_to_double (const char *s, char **endptr, PyObject *overflow_exception)
Part of the 9+ ABL. 249 s & double ® W335t1l, A3 A] glo] A o] & AAAA A UL} FE&H =
2R QS s/t APl £ FUL 4D 5 flrke A2 A 93kt st A £loat () BAA7
&0k A Aol oSt s A 2ALIHR SH A YT

SA9 FES

£l

endptr ©] NULL ||, WA w2+ go] opm
0

ValueErrorS WA 7|21 1.

o o
2
e
L
L
v
M
R
e
"
of
B
N
o)

endptr ©] NULL ] o} H, 7} 3 3 g2 # A= M8l *endptr o] MRS 2] ob2 A WA £4-5
M7 =5 ARG U BAEY 27 M AMETLRE A4 A4 F RS xH o] ob UM, *endptr
o] 2219 <] Al &S 718 7| &8 A A3}, ValueErrorS W A] 7] 31 -1. 08 ¥k3k3t o).

s 7} floatell 2787 o] U7 2 32 Yetd of (o & 9], o2l EREZNA "1e500" 7 18 £2+E
AJYth, overflow_exception’}NULLO| W (A 23 K59} &+7) Py_HUGE_VALS W33l a1, ojw
A= AASA FUTE 2EXA ZO™, overflow_exception< Ito| A oo AAE 7l Aok
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Futh 2 o9& TN 7IAL -1. 08 WAF YT F A BF HEE g o2 3 WA

7} 71 =5 *endptr& A I

WS o o7t 2AsHE (€ S Wz F=5 ol2)), A d e sto| i oo & dAstar -

LlsiadRi=
B A 3.10] F7}.

char *PyOS_double_to_string (double val, char format_code, int precision,
Part of the V7 ABL A2 % format_code, precision X flags S A}-& 5}
Uk,
format_code="'e','E', "', 'F', 'g','G' ="'
= 00]ofofstm FAF UG 'r' TR IEE BE
flags==Py_DTSF_SIGN, Py_DTSF_ADD_DOT_0 &

=t

« Py DTSF_SIGNS val7} 357k obd Wl 4 MaE B4 4o $5 BA7 o+

gk

e Py_DTSF_ADD_DOT_0< ®3te BExldo] A48 BHolX] U= = 3}
xc
AN

e Py_DTSF_ALT+= “thA” Zwjg FALS } =
Hw&SWHMfUw”ﬂ@ﬂﬂﬂﬁéﬁﬁéﬁiﬂa1
ptype ©] NULL o] o} YW, 2 AE 7} 7}g 7] © py
Py DTST NANT?S]-L}E N zlﬂo] val 7} Z+z¢ %5& 2 a2
e "‘Z]'oﬂ o] = bufferol T sk Z A E o] A, W
PyMem_Free ()& &34 3151-54 =219 ol
WA 310 27}

int PyOS_stricmp (const char *s1, const char *s2)
g B4 T8 QE BAD WA o] F5E th BAE FASTHE
ZA AE g

int PyOS_strnicmp (const char *s1, const char *s2, Py . ssize tsize)
W B4 TR Qe BAYG WL o] Yt s BAE FA ST A
27 A5 P

r[r
2
lo
o
<
)
H
n
H
nj

6.8 PyHash API

See also the Py TypeOb ject . tp_hash member.
type Py_hash_t
Hash value type: signed integer.
WA 3200 7}
type Py_uhash_t
Hash value type: unsigned integer.
B A 3.20] F7}.
type PyHash_FuncDef
Hash function definition used by PyHash_GetFuncDef ().

int flags, int >‘<ptype)

double valE& EAEE ¥HE T
% st or Yt ' o] A9, AT
O BAE AFTgY

= 07 o4 A or

INITE, Py _DTST_INFINITE

L NaNY S vhebd U ok
3loj] AsjstE NULL YU TEAE

£

i

1.0

—

4 precision

A9k A ] 3 stremp () £ AL

A 231 strncmp () 2F A9
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const char *name

Hash function name (UTF-8 encoded string).

const int hash_bits

Internal size of the hash value in bits.

const int seed_bits

Size of seed input in bits.
WA 340 7}
PyHash_FuncDef *PyHash_GetFuncDef (void)
Get the hash function definition.
o B
PEP 456 “Secure and interchangeable hash algorithm” .
WA 340 27}

6.9 g|E3M

PyObject *PyEval_GetBuiltins (void)
HkSkgk: W9 R, Part of the QF7 ABL A 4
AFE] 2] ?JE}#FH E] 9] builtins 2] G A 2] & w3t
PyObject *PyEval_GetLocals (void)

vk gk Wl ZFZ. Part of the 4 ABL Return a dictionary of the local variables in the current execution
frame, or NULL 1f no frame is currently executing.

Wz ol Bl A 5 ma Qo] flow v
keid

Y.

PyObject *PyEval_GetGlobals (void)
nbekgk: D™ F=. Part of the "Jzé ABL @4 A3 Zg¢lo] A W g e] & e AL, A
9 S mele] e A o e WA EU T

PyFrameObject *PyEval_GetFrame (void)
Bhehgh S Fx. Part of the 217 ABL @A 9] ~d= Ae|o] =4S W@t A A F9
ZH o] Lo NULL Y Th
PyThreadState_ GetFrame () T ZZ 3 Al L

const char *PyEval_GetFuncName (PyObject *func)
Part of the 2+ ABIL func7} &5, 8]~ = A28 A AR E funce] o] &L Widstu
funce)] W] o] -2 wrakgLI T,

const char *PyEval_GetFuncDesc (PyObject *func)
Part of the <+ ABL func®] ol wpet AW £A4-S vk ot kg groll= 4 2 vA =9 ()7,

“ constructor”, “instance” & “object” 7} 23+ Ut} PyEval_GetFuncName () 2] A3} o]ojE o]
func®] 28 o] FHuth.
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6.10 I SFAL} X| F

[0
ook

A
T

int PyCodec_Register (PyObject *search_function)
Part of the S+ ABL A 22 79 AN st~5 S 25T}
FA&o =, ofx 2EH X QYTIH, encodings H 7| A& B ETI] FA A
gz o] H =% g,

int PyCodec_Unregister (PyObject *search_function)
Part of the 2+7] ABI ¥ A 3.10 ©] & &. Unregister a codec search function and clear the registry’ s cache. If the
search function is not registered, do nothing. Return O on success. Raise an exception and return -1 on error.
WA 3.109 71

int PyCodec_KnownEncoding (const char *encoding)

Part of the 27 ABL A B H encoding°ll 3l 55H Fd o] Q=2 o] whe} 1 o]} 02 ¥H&3H T} o]
b‘]—/\ = 3]—/“— Al 1-61—14 1;].

,d
u

G229 3 WA

PyObject *PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)
vksk gk A ZR. Part of the 9+ ABL. Q¥ 39 718} 1575 APL

object= errors 2 R 2] H ol & A 2] WHES AFE3lo] A encodingoﬂ el HAE AEAY T E AEH
Ytk 3eol] HoE /|8 whg e ALg 37 913 errors /A NULL 2 5 AU Th AHEE RS 5 glod
LookupError& A Al Z Yt}

PyObject *PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)
WSk Al ZZ. Part of the 9+ ABL 9wk 39 7|9 tj 79 APL
object<= errors = 73 2] A ol 2] A 2] ¥ & AE-5ko] A4 A encodingll tiel LA HIH 2 AL
Uk e o 2] 7|3 S ALEEA) Aol emrors P NULL A S AT, AT EE 2L 4 glow

LookupError& ¥HAJAI ol Yth

6.10.1 ZH| =3| API

== ?:4°1W encoding FA Q& 5 ARAE ASE ] 23| HBE, o] AYUSZZ 5

PAEAS LE3R] A HUth Zdo] ¢l oW, KeyError 7} A A E 11 NULL o] ¥F8Fg Ut}

PyObject *PyCodec_Encoder (const char *encoding)
HEek gk A ZZR. Part of the 27 ABL ] A encoding©l| Y8 A3 &4+E 7FA g U T}

PyObject ¥*PyCodec_Decoder (const char *encoding)
HEek gk A ZZ. Part of the 27 ABL ] A encoding®l| W3t 2 &4+E 7FA g U T}

PyObject *PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
HEe gk A Z2. Part of the <+ ABL 2| encoding ] B 3t IncrementalEncoder A& 7}A &
Y,

PyObject *PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
wkELZk: Al 2. Part of the 9+ ABL A A H encoding©l] T3+ IncrementalDecoder 2 A& 74 %
g,

PyObject *PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
wrsk gk A ZZ. Part of the 4 ABL X A H encoding©l] Y] 3t StreamReader M E 2] S+ E 714 J
gk,
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PyObject *PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)
wiEkZk: A ZZ. Part of the VA ABL A A H encoding©l] W) 3t Streamiiriter W E ] T-E 714 S

Yo,

6.10.2 RL|ZE 2IAY ol2] X2|7|8 S54 API

int PyCodec_RegisterError (const char *name, PyObject *error)

Part of the V73 ABL XA E name O 2 & A 8] W T errorE S5 UTEH Z o] IS 5 Qe
EAHYUEZE 5 e vl EE S ¢k, < :’C/D]:'E 5 T2 0l nameo] error Wi 7} W42
A A= 92 of O] Eé—‘i‘n‘ 8 TETYh

ZF W e 3 g9 9l A} & UnicodeEncodeError, UnicodeDecodeError T =
UnicodeTranslateError? AABEAE WolEol=t, EA 7 &= EX dlo]|EQ A|FA A~
ool o] A8 £A4d ] Lxslol go AuE B G (] JEE FRAE Db
FUZE o] AAE ZFRA Q). FHL T3 A& DA A, A7 Y= Al D29 thAl}
e EAGNA A/ mT 2 A A Aok S L ZAE AT BHE ETL T BE
=22 g ol St

AFstd 0, ofl 8 -1& v T

PyObject *PyCodec_LookupError (const char *name)

w7k A Z 2. Part of the 9+ ABL name 0.2 559 o 8 A

NULL ©] qugg_ e, olul & “strict” of] th 3k ol Y 2]
PyObject *PyCodec_StrictErrors (PyObject *exc)

uL3k gk A} NULL. Part of the 9+ ABL exc2 o 9] 2 9 A] 71U T}
PyObject *PyCodec_IgnoreErrors (PyObject *exc)

w3k gk A ZZ. Part of the 9V ABL ZEH 8-S AYH 1, FUIE o 2] S FA YT
PyObject *PyCodec_ReplaceErrors (PyObject *exc)

ks zk: A Z=R. Part of the SV ABL -FUFE Q13 o 2] & 2 U U+FFFDE X33 th
PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)

ks zk: A 2R, Part of the SV ABL U F = Q7Y o 2] & XML 2} 22 23

L

e,

p

PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)
WEShgh: Al FrZ. Part of the 7 ABL FUZE 139 ol 2] & W S| A] o] 2A 0] Z (\x, \u B \U)E
A &g o,

PyObject *PyCodec_NameReplaceErrors (PyObject *exc)
vkSk gk X ZR. Partof the S8 ABIW A 3.7 0] 2, GUFAE AFY & E\N{...} o]AAo|==E
A
W7 3,500 7%
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CHAPTER 7/

o] Feo] = AA Y P} FASA, F2 FHAT TFY AA FY (g B, REA I EL R
Al Q) ghold A9 45 AgUth A8 A g AA Fol AHEHH, shol A of & 7F LA ot
PyList_ New()i TS QA 0, 3= o] o} A NULL o] ofd e g AAE A ¢k o
27135 A 942 AA ol hafj A &= o] 45 A

71 HY =2EZ

PyObject *Py_NotImplemented
AR E 3 2ol thaf Aite] A ka2 ¢l vl AFSE = Not Implemented & -E.

Py RETURN_NOTIMPLEMENTED
Properly handle returning Py_ Not Implemented from within a C function (that is, create a new strong reference
to NotImplemented and return it).

Py_PRINT_RAW

Flag to be wused with multiple functions that print the object (like PyObject_Print () and
PyFile WriteObject ()). If passed, these function would use the str () of the object instead of
the repr ().

int PyObject_Print (PyObject *o, FILE *{p, int flags)
34 fpoll AA o5 A F Tt °ﬂﬁi Al 15 WE YT flags (1A= 54 A4 FHS B4 3} ok=
ol AHEH YT A A D& L 342 Py PRINT _RAWNY U T —roi Z] W, repr () A AA 9
str () °] 7ISg Yth

int PyObject_HasAttr (PyObject *o, PyObject *attr_name)
Part of the Q7 ABL. Returns 1 if o has the attribute atfr_name, and 0 otherwise. This is equivalent to the Python
expression hasattr (o, attr_name). This function always succeeds.
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ZF31:  Exceptions that occur when this calls __getattr__ () and __getattribute_ () methods are
silently ignored. For proper error handling, use PyOb ject_GetAttr () instead.

int PyObject_HasAttrString (PyObject *o, const char *attr_name)

Part of the 2+%] ABL This is the same as PyObject_HasAttr (), but attr_name is specified as a const
char* UTF-8 encoded bytes string, rather than a PyOb ject*.

z3: Exceptions that occur when this calls __getattr__ () and __getattribute__ () meth-
ods or while creating the temporary str object are silently ignored. For proper error handling, use
PyObject_GetAttrString () instead.

PyObject *PyObiject_GetAttr (PyObject *o, PyObject *attr_name)
wirshzk: A ZZ. Part of the °H7 ABL A A ool A attr_name 0] B} © HEEZE 1A Yt}
BEotH A EYRE g2, Aufstd nULL S REU T o] AL Sto]H A o.attr_name} F
Sk

PyObject *PyObject_GetAttrString (PyObject *o, const char *attr_name)

Wbk zk: A ZZ. Part of the 97 ABL This is the same as PyOb ject_GetAttr (), butattr_nameis specified
asa const char* UTF-8 encoded bytes string, rather than a PyObject*.

an
L,
°,
Im
=

PyObject *PyObject_GenericGetAttr (PyObject *o, PyObject *name)
WSk gk A 22, Part of the QH7 ABL & A 9] tp_getattro €39 X == dut o] ERHE AH
(getter) T2, AR (TFE) _dict__of Qi o] =2l H =2t op et AR MROS 9l 2 e 29
gAv g Jd= td2IHEE g5 YT descriptorsol] £ 9FE 21X, dl o] Y AT HE = A2EH A o
EREHG - PASHA R v HlolB AT (Bl 28 A d5uth 23 A koW, AttributeError
A g

int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)
Part of the 2+7 ABL 1A ool th3l, attr_name©]eh= 0|52 AJEZHE ZS v o2 At} Ay
Al oA &) 5 B 7] AL -1 WEshRtU ok AF et 05 WU T o] AL Fhol A &
= vEssgU
vZFNULL O |, o] EB| R EZF AAI P Ut o] T4 A A= Q3L pyobject DelAttr ()2 hAIE
syTL @A A AZ A o] glsyth

int PyObject_SetAttrString (PyObject *o, const char *attr_name, PyObject *v)
Part of the ?+7] ABL This is the same as PyObject_SetAttr (), but atir_name is specified as a const
char* UTF-8 encoded bytes string, rather than a PyObject*.

VZENULLO| |, S E B HE 7} AR S | 9k, o] 752 X H Q3 Pyobject_DelAttrString () O &
A= A5y th
int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)

Part of the 2+7 ABL & A A2 tp_setattro&F o X5 = <l o] EE] HE A ] (setter) 2} € 2] E
(deleter) $5. 779 MRO®]| 91 Zeh2o] v elel A HolH HAaHE S 23, 2w olx
A2 v elo] gt ol =2 HES AR A AASE ARTE ST 184 ehow, AH
(AThe) _dict oA ol =2l BE7L A Avk A4 F Utk 435w 00] whske 3, 184 grow
AttributeError 7} A5t -1 0] vigE Yl

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)

WA ooll tH3l, atr_name©) eh= o] 59 AEZHREE AHA YT AS) A] -1-& k&Yt o] A
gtolMH A del o.attr _named} ==t

rlo
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int PyObject_DelAttrString (PyObject *o, const char *attr_name)
This is the same as PyObject_DelAttr (), but attr_name is specified as a const char* UTF-8 encoded
bytes string, rather than a PyObject*.

PyObject *PyObject_GenericGetDict (PyObject *o, void *context)
SRR A ZER. Part of the 97 ABI WA 3.10 o] 2. __dict__ YT HE Q] AH (getter) & 91 3
Adutdel 73, Basd YA BEU,
This function may also be called to get the __dict__ of the object 0. Pass NULL for context when call-

ing it. Since this function may need to allocate memory for the dictionary, it may be more efficient to call
PyObject_GetAttr () when accessing an attribute on the object.

On failure, returns NULL with an exception set.
W7 3300 27
int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)
Part of the V7 ABI A 3.7 o] & 2. _ dict__ Y2FHE ] M E (setter) & § 3 LHHZ <l &, o]
FRL A e) A2 5 2abA) ek LTk
B A 3.30] F7}.
PyObject **_PyObject_GetDictPtr (PyObject *obj)
Return a pointer to ___dict___ of the object obj. If there is no __dict__, return NULL without setting an
exception.

This function may need to allocate memory for the dictionary, so it may be more efficient to call
PyObject_GetAttr () when accessing an attribute on the object.

PyObject *PyObject_RichCompare (PyObject *ol, PyObject *02, int opid)
W A EZ. Part of the F7 ABL opidoll &) A" A4S AR§-SFo] ol 7 029] Fha Ml F YT
opidi= Py LT, Py LE, Py EQ, Py _NE, Py GTB¥ Py _GE % 3ty of &tal 242k <, <=, ==, |=,> &+
>=o] S| th. ol ol EA4 ol op 029t FSHUITE o 7|4 op opidell 3 e AxkA
PUth AF Al ¥l g, A3 Al NULL S WHEhY o

int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)
Part of the +7d ABL Compare the values of ol and o2 using the operation specified by opid, like
PyObject_RichCompare (), butreturns —1 on error, O if the result is false, 1 otherwise.

Z3: 013027} 2L AA| o)W, Pyobject_RichCompareBool () & APy EQQ A= 1S, Py _NES
A9E 0S wEsh )

PyObject *PyObject_Format (PyObject *obj, PyObject *format_spec)
Part of the °+7 ABI. Format obj using format_spec. This is equivalent to the Python expression format (ob7,
format_spec).

format_spec may be NULL. In this case the call is equivalent to format (obj) . Returns the formatted string on
success, NULL on failure.

PyObject *PyObject_Repr (PyObject *0)
¥k3k 7k A B3R, Part of the 9V ABL AR 09 2219 53 AUtk Agstd 2214
A5 3HH NULL S 9hEHgh Y o) o] A2 Ttol M 2 A 4] repr (o) 2F 5 F YT repr() W3
o =gt
WA 34004 A7 o] ol o] Al Y L of Al 4d o] 23 of glo] &/ ol & X &3 W e A AEF
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PyObject *PyObject_ASCII (PyObject *0)

wEZk: A ZZ. Part of the 9+ ABL PyObject_Repr () A3, AR 02 EAE T2 A ASHA gL
\x, \u =& \U o] 27 ]# AL&3}o] Pyobject_Repr () ©] WrE3E B} o A] H] ASCI &A=
o] A O]i Gyt o] A2 sfo] A 200 A PYobJethRepf()oﬂ oJs wrehd A FAE A=

A4y th ascii () HV*UV‘OHAOHE AN
PyObject *PyObject_Str (PyObject *0)
wrsk gk A 2=, Part of the ?}78 ABL ZA 0o 218 £ AL
AINDLLE MR ol 4 2 Shol 584 st (o) S ST sex 0 3 Bl o
print () ol AT T2H T
il 3.401]/H WA o] Fepoll= oAl t L oj A ad o] £3F o] glof &/ ofl9] & &3] M El A dER
ek
PyObject *PyObject_Bytes (PyObject *0)
Rhh gk A 2. Part of the 2+7d ABL ﬁiﬂ o8] Hlo|EE & AU AdjstE nuLL g, AF
a1el uol =2 AAE MAH U ol 07l 47} okl uf shol W EAA bytes (o) I EE UL
bytes (o) & &2, 07} gold 0L ® 57] std npolE QG AA Al TypeErrorﬂ t‘“ﬁ&‘% 22
int PyObject_IsSubclass (PyObject *derived, PyObject *cls)
Part of the 27 ABL Z 8| 2 derived7} 23| 2 clsQ} 5 A3 A Y clsol| A FAFH o H 18 whEksha,
297 ghow 08 HATH o o2l 7} Bl R 18 Wegh

s7t T BN, cls9] BE G2 T3] AA7 FFF U Hol % Shibe] F AR A 18 WA ks
1ol 92, 1A gow 0o BT,

o]
=2
=]
2

If cls hasa _ subclasscheck__ () method, it will be called to determine the subclass status as described
in PEP 3119. Otherwise, derived is a subclass of cls if it is a direct or indirect subclass, i.e. contained in cls.
mro

Normally only class objects, i.e. instances of type or a derived class, are considered classes. However, objects
can override this by having a __bases___ attribute (which must be a tuple of base classes).

int PyObject_IsInstance (PyObject *inst, PyObject *cls)
Part of the Q7 ABL inst7} cls e 2 clsS] A B 28] dxdao|d 1 & 933y, 28X ko
0S5 WhgHUth ol 27k 2 oHd - 18 Rbghelar o 9] & A Ay th

cs7t FE |, cls] BE G20 3l A 2B P U Hol = shike] Aol A 18 @AY Aok
1o] 51, 137 ko™ 0] Furh,

If clshasa___instancecheck__ () method, it will be called to determine the subclass status as described in
PEP 3119. Otherwise, inst is an instance of cls if its class is a subclass of cIs.

An instance inst can override what is considered its class by havinga __class___ attribute.

An object cls can override if it is considered a class, and what its base classes are, by havinga ___bases___ attribute
(which must be a tuple of base classes).

Py_hash_t PyObject_Hash (PyObject *0)
Part of the °+7 ABL AR 0] 3§ A gt Al 2batal RS
#F# 4 hash (o) & 55 Th
A 32004 WA W32 o] A Py hash t]Uth o] AL Py ssize t 22 279 £F = A
29U,

Py_hash_t PyObject_HashNotImplemented (PyObject *0)
Part of the 97 ABL type (o) 7} 3| A] 715 3HA] %52 WYEW = TypeError & A 3ta -1& wHaHg
Ytth o] &= tp_hash X0 A2 o S8 s wobA, A Z 2] El o & o] 3§ A] 71534
Aee AACRE YT

o

AT S -1 BRI o ol A2 shol

£
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int PyObject_IsTrue (PyObject *0)
Part of the 2+ ABL. AR o0& Fo 7 7HFSHH
£33 4 not not OE}ECKLQE} AlsfstE -1
int PyObject_Not (PyObject *0)
Part of the V74 ABL. A 05 Fo 2 7hF61W 05, 1A 92 oW 15 vhUch o] 212 gho] A
E84 not o9k BEFUTL Ashelu -18 WAt
PyObject *PyObject_Type (PyObject *0)
HL8Zk: A BE. Part of the 97 ABL 07} NULLO] oh W, A7) 09] A7) ol s ahis B A S wier
ot Aafstd SystemError§ A A 7] 3 NULL = REZH Y T 174 ghol W FH A type (o)
o} 55 Tk o 4t wha ghel A A28 AT A2 B BRI AR e 49 H2t 2o P wE
RSV BFTL, by Typeohiect* B EAE| S WEatE py TveE () B4 OIA o] B2 ALET ol f
st
int PyObject_TypeCheck (PyObject *o, PyTypeObject *type)
A 07} type B ol Atk type] A B P olH 00] obd gk wkghstar, 222 oF o 05 Wtk 7
w7} M4 B5F NULL o] ofi o] of ?M 22
Py_ssize_tPyObject_Size (PyObject *0)
Py_ssize_t PyObject_Length (PyObject *o)
Part of the V3 ABL 23] 09] 0] & W& T}, A7) 07} Al A2} 1)
2o) 7k Wy ok o 2] 7} BASE 1 o] WHEg U T o 212 vho] Al 3
Py_ssize_t PyObject_LengthHint (PyObject *o, Py_ssize_t defaultvalue)
0 Ml 34 Ao MGG WA 47l 4ol WAL NI T, dength nint 0
£ Agoto] 2AZS Ve, A T2 A RS BB o2 A -1€ W o AL
glo]#W T H A operator.length_hint (o, defaultvalue) F53Y D}.
B A 3.40] F7}.
PyObject *PyObject_GetItem (PyObject *o, PyObject *key)
wisk gk A 2R, Part of the ¢V ABL A keyoll S| B 5t= 09 245 W33 AL A9l A] NULLS
ST T o AL Thol W B:A o [key] 9 H5 T T
int PyObject_SetItem (PyObject *o, PyObject *key, PyObject *v)
Part of the 2+ ABL )| key S Fk voll Mg @t Asj A] o] €] S LAYA 7] 31 -1 & WU} 4 55t
w02 W Th ol A2 T8 B olkey) = vl 55 Th of A4k vol et F2E TAA
HaclBie
int PyObject_DelItem (PyObject *o, PyObject *key)
Part of the 2+7 ABL A 00| A A A keyoll th 3t w38 Al AUtk Asfistd -15 &ty th o] 22
ol £ del olkeyl &t HHT

PyObject *PyObject_Dir (PyObject *0)

Y zeEge AT, AAs
294

len (o) &t 5 FUh

r (0) 9 5530, A7 Ao A e

vk gk A ZZ. Part of the S ABL o] Z-& slo]H & A di

EAE 9 (HMMé T JE) Bl2EE WSS A Y, o #7F 9o NULL-S WHEHS MD} A7} NULL
o] W, o] dir () I v, A A < (locals) 2] o] 5ES WHEFUTE o] A%, A3 = o] &
4315 o] A ‘2%2?*; NULL O] ¥ A Tt PyErr Occurred ()€ AR & 92y

PyObject *PyObject_GetIter (PyObject *0)
HE3k gk A FE. Part of the QF7 ABL ©] 212 Thol M £ 4] iter (o) & TS FUTH AA AR
st A 22 o5 dl o] B & WE&3t A Y, A A 7} o] v] o] B @l o] E o] A A 2}A| & v Ut AAE
ol g ol E & 4 ¢lo ™ TypeErrorE WA Al 7] 12 NULLS WSy o}
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PyObject *PyObject_GetAIter (PyObject *0)
whhgh A F=x. Part of the -7 ABI A 3.10 0] B 2. 0174 o jlolm BH
AsyncIterable& WFolA]l 1 79 aAsynclteratorE WisHgyc} &
7}Async1teratortﬂ I AL stk A £ olHEolE & 4
7] 31 NULL-S WFeHghy o}

WA 3100 7}

Al aiter (o) & F5 Y
& M ol o] ¥ o] A at, Q1A
glo TypeErrorE WA A

72 SE ZZ2EZE
CPython2 F 71X 55 Z 2 EZ S A Y& th: pp_call 7} ¥ €] Z (vectorcall).

721 tp call T2 EE

tp_calle AAste 22 dadaes YU € A¥ 2 e 25Uth

[PyObject *tp_call (PyObject *callable, PyObject *args, PyObject *kwargs);

o]l F=9] callable (*args, **kwargs) & -FAFSHA, $1 4 C1AE 'J' FEH 719 E AAE A%
gAY g 8 AFL 5] Ez‘dﬂ/] th. argsi= NULL o] oby of o T} (A7} glo ™ ®l R&S AHESHA Al 2).
SHA Y 71 = QA7) @l W kwargs= NULL D 5 15Ut

o] 722 tp_call N A T AME-E] = A o] obdUth: tp newSt tp_initE AXE o)A Aog ALt
AANE &3 ™, PyOobject_Call ()oY 2 T & APIE A3 Al 2

7.2.2 HIE{Z(Vectorcall) T2 EZ

WA 3.90] 7}
AEHE Z2EFLPEP SN & E8 S Ho)7 AT 2/l =Y A5 YTH

AP EHo=, CPythont FHEo A YR & ds e ES AT UL 28y ol A2 A
2] °] O}”‘JT/} Sh B A AR 2 (PyObject_call () & AMS3HA| &811) ip_call S 2 A8 YT o}
2}, Hi‘E% = %}L ZNAE tp callS FHNFFYTh T3 ojH 22 EFZS ARSI A 9 BA §1
o FHEL %%‘6}741 sl ok gyt o] & A8 AFAF = WL tp callS PyVectorcall Call ()&
AR s AdYth o] A o] viE-S A gy

L

A3 NEFL AYSE FUALE 2L U7 QES tp call WEA] LA ok Gtk

- call Btk =B AThA Fej ot ME 2L TANAE S PUTh o2 o), I TEAL o 23] ARE AR
Z Y} kwargs GM U2l 2 W Esfok ot MEE S 7 AT o] 77t s Utk

Zd 2= Py TPFLAGS _HAVE_VECTORCALL Z# 15 A 3}8}al tp_vectorcall offsets vectorcall—

fune 7} 5B AN F2A RRe) L EZA O UHIe] M F 2 EFS TAT 5 AUk o2

e 2o AEe 2E §4E el e 2AH ATk

typedef PyObject *(*vectorcallfunc)(PyObject *callable, PyObject *const *args, size_t nargsf, PyObject

*kwnames)

o callablee T &%+ AA YU ch
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. args= 913 AR 1 HE was )Y Qdate) oz F4E CujAY YT

AA7F oW NULLY 4= 15Ut
« nargsf= 92| QA9 ol

PY VECTORCALL_ARGUMENTS OFFSET &2 15 T3t A JUTh nargsfoll A AA| 9 2] A=} +=E5

Ao B, PyVectorcall NARGS () S AFRSHI A L.

o kwnames= 7] 9] & Q1z}2] o] 2 & x5l = & Eq:]\,]r,]-,
THA| “LOH kwargs G129 7]. o] o] FE& FALE (stro|UH A B F
o g o gt F1H = QAR QO W, kwnames= WA NULLYE 5
PY_ VECTORCALL_ARGUMENTS_OFFSET
o] & EH:’JP W B} nargsf QAL AW, S EAE A HOF args [

5, argsw TFE AE A AA1(0°] obdUth & 7HI AU ST WE'V] Aol arg

ahe 28 of o)

Z | A9 O AE A)o]o]os}
AsHTh

PyObject_VectorcallMethod () & 7%, o] E& 1+ Al args[0] o] HAE & J== 9

R P CEEE PEEE R ERE S

F71 &89 glo)) AEetA & 4= Q& wiutth, $EAE= Py VECTORCALL ARGUMENTS. OFFSETE A}

(SFll self AAHE 2 3ohe)

MEHES PARE ANE TEFY, G LD BANE 55 AM F5E A AN L.

PyObject_Vectorcall () d¥lA o7 713 384 Yyt

zZa: In CPython 3.8, the vectorcall APl and related functions were available provisionally under
names with a leading underscore: _PyObject_Vectorcall, _Py_ TPFLAGS_HAVE_VECTORCALL,
_PyObject_VectorcallMethod, _PyVectorcall Function, _PyObject_CallOneArgqg,

_PyObject_CallMethodNoArgs, _PyObject_CallMethodOneArg.
PyObject_VectorcallDict was available as _PyObject_FastCallDict.
defined as aliases of the new, non-underscored names.

Additionally,
The old names are still

ZHH |0

p_callS A8, 3| EE A= Aol tis] 48T 287 gl uth: CPython ip_call & A-&-31] T &3
A$ Py_EnterRecursiveCall () I Py_LeaveRecursiveCall () & A&t

2EAde A8 dHES AL 2T Aeole 21¥8A dsdh

Py_EnterRecursiveCall 3} Py_LeaveRecursiveCall S,_ /\]-%SH of ghu]t}.

HE|Z X| 2 API

Py_ssize_tPyVectorcall_NARGS (size_t nargsf)

JEEAE Do

B F nargsf AA7F Fo 1AW, A A A2 & vby k. @A) 53 55y th

[(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET)

I8y, &% B8 93l PyVectorcall NARGS 34E AlE-3f of 3.
B A 3.8 &7}

7.2.

ol
[1}]
[H
Hu
Hn
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vectorcallfunc PyVectorcall_Function (PyObject *op)
op7k MEIE 22 ERE AN O (ol AT 9 At ALHA @) o o)
NULLS WH&Uch 2382 920 H, opoll 21745 HEZ o ZAHE W&t o] e o9
LA 71 A 5T
A oprhEEE AU S
NULL= &lsto] 3 & =+ 5y
B A 3.9 F7}.

PyObject ¥*PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
FE2F A g 4zt Fo1R A&} 71N = AALZ callable®] vectorcallfunc & &Y TH
AL tpcall €% $AY tpcall TH AFH A% E5 FLAY
Py_TPFLAGS_HAVE_VECTORCALL Z#1E Q131X 91l tp_call® Z W3}x] k<51 T}

WA 3.8 =7}

olst=d| 2 831, Pyvectorcall_Function (op) !=

.

shol4l AAE BEN7] o) ThAH F4E AL 5 Awh 247L AxE 5EH AA 7 A Qe

F4 02 MAFUC- poall B NEZ. 758 3 AL ABE 5H 5121, ALE A5 HolE] FAof

A AR AL AN 2

he BEAS M5 T SE 20K AYUTE AN T NS A AEAE BRI
(=1 288 args kwargs
PyObject_cCall () PyObject * = g A4 8]/NULL
PyObject_CallNoArgs () PyObject * — —
PyObject_CallOneArg () PyObject * 17X —
PyObject_CallObject () PyObject * Z/NULL —
PyObject_CallFunction () PyObject * 3 (format) —
PyObject_CallMethod /() obj + char* 3 9 (format) —
PyObject_CallFunctionObjArgs () PyObject * 7}H (variadic) —
PyObject_CallMethodObjArgs () obj + name 7}9 (variadic) —
PyObject_CallMethodNoArgs () obj + name — —
PyObject_CallMethodOneArqg () obj + name 1 AR —
PyObject_Vectorcall () PyObject * WEZE e Z
PyObject_VectorcallDict () PyObject * WHZH g g]/NULL
PyObject_VectorcallMethod () arg + name HEZ A Z

PyObject ¥*PyObject_Call (PyObject *callable, PyObject *args, PyObject *kwargs)
W3k7E: A 22, Part of the 9V ABL B2 args2 o] A A zke} DAY & kwargs 2 o] A o] 29l =
A2 Ze & Fo| M A callables i%?&\% c}.
args’= NULL®] ohoof e} | 4788 9ot Wl FE8 A8 shiA 2. ol 8 dle A4
312 ¢F O |, kwargs= NULLY 5 54 th
4FotH & 435 vhgelar, Aufstd o 9 & S A 7] 3L NULLS W3 o)
o] AL thZ Fol M A I 55 FYTh callable (*args, **kwargs).
PyObject *PyObject_CallNoArgs (PyObject *callable)
REe gk Al 2. Part of the b7 ABI W A 3.10 o] Z- 2. A2} glo] F&| & vtold AA| callables T =3
Ut} o7k glo] 222 shol#l A S TEsh 7 T8 A 0 Tk

ﬁd
i)
ko
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PyObject *PyObject_CallOneArg (PyObject *callable, PyObject *arg)
kg Az 8] 1709 1] A At argz 71N = QA glo] FEE ol AA callables T =3

WA 3909 27}
PyObject *PyObject_CallObject (PyObject *callable, PyObject *args)

wksk gk A 2. Part of the 9F7 ABL 5= args©l] 23] o3 AX 2 ZF8|E Fho| A AA callableS
SEFUTh QAT 8 skA] ko args— NULLO] T AsYTh

435t 35 235 wkehetal, Asfstd o 9] & WA Al 7] AL NULL= W o)
O] AL o Fol M FH A F5FU T} callable (*args).
PyObject *PyObject_CallFunction (PyObject *callable, const char *format, ...)
wiEzk: A 2. Part of the °H4 ABL 7P 7§49 C o1zt 2 Z & E mto| W AR callabled T =3 T}
C QA= Py BuildValue () 28 T EX19 -2 AFR3Ho] 7|<FH U th formatS NULLY 4~ 9o ™

AA7F A5 5 A ka2 YEbE Y Th
AFotH & A5 vhshetar, Aol st o9l & B8 A 7] 3L NULLS Wk o)
o] AL th= ol A A TS F Utk callable (*args).
PyObject* QA A3 T}H Pyobject_CallFunctionObjArgs () 7+ T whE th k<l o] 82 3}
AL
WA 34004 MG formar®] & o] char *o| A MAH AFUTH
PyObject *PyObject_CallMethod (PyObject *obj, const char *name, const char *format, ...)
vkskzk: A} ZE. Part of the S ABL 7V 7] 59 C QRS AFE31o] A A 0bj 2] name ) eh= o] 9
AMEE SEdUTh C AR FE2& B8 oF st Py_Buildvalue () ZW FALE 7leg Utk
format& NULLY 4 9121, 1217} A1 55 2] 98-8 Ve,
H35e 52 A0E Wesha, A5 o9) S WY 7T NULLE BT
o] AL 1L oA A FH} TS5 YT} obj.name (argl, arg2, ...).
PyObject* 2l
Al Q.
WA 34904 HA: name} formar® & o] char *o|A HAH Y5t
PyObject *PyObject_CallFunctionObjArgs (PyObject *callable, ...)

‘ﬂ-ﬁ-%}{ A} ZZ. Part of the ¢V ABL 78 71429] Pyobject* O]X}E ZHE golW AA callable
Sy O]Z}— NULLZ Ev+= 7HH A9 w7 ei2 Algg Ut

4t & AE WEheta, A et o 9] & WY A7) AL NULL-S WHEHh T
o] AL 2 oW BAA T 55T} callable (argl, arg2, ...).

PyObject *PyObject_CallMethodObjArgs (PyObject *obj, PyObject *name, ...)
HEERZE: A %‘X Part of the <7 ABL 3told A1) 0bj o] M EE TEFUTH 7|4 HIAE o] &
name°l| A sto] W F2+F AA &2 AlFH Ut 7HA 7 PyObJect* AztE TSP Uth A= NULL
2 2= 7hA Ao v M= Algg U th

AEstd $& 235 ks, A9 sk o 9 & WA Al 7] 32 NULL-S WH3ksh o}

’

P

i
o
2

23t} Pyobject CallMethodObjArgs () 7+ B wWhE o okl of] 9] 514
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PyObject *PyObject_CallMethodNoArgs (PyObject *obj, PyObject ¥*name)

17} glo] shol W A obje] WA EE TEFUTE o] 714 WA E 0] B nameol A sho] A £2p A
2 AFE U

HSE £5 23S MBS, As)sHA o) 9 S WA 7] 3 NULLS BB Tk

WA 3.9 =7}

PyObject *PyObject_CallMethodOneArg (PyObject *obj, PyObject *name, PyObject *arg)

T A AR argZ skol W AR obj o] WA EE SEFUTE A 7)A HIAE o] 52 nameol A to] A
EAD AA = AlFPUTh

4FotH & A5 vhghelar, Ao shd o 9l & A A 7] 3L NULLE W3 o)

W 3.9¢ 7%

PyObject *PyObject_Vectorcall (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject *kwnames)
ZHE oW AA callableS SZ3U T QA A}= vectorcall func & 25U Th callable©] W B =&
A48k, callableo]| A 78 WE & F+E A ESFUH
et 35 AAE NHEeta, Asfskd o 9] & I A 7] AL NULLS WH-gh ot
A 3909 27}

PyObject *PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject

*kwdict)
AR QA7 EE 22 E 3 F 28] A AR YU E] kwdictZ A2 7| = AALR callableg
SE=FUth args Wl €2 9 A AR 23U T
WHAow 48 E me e 2 B glol, A4S Wkaof YuITh WebA, o] B4t B Ao A
ofn] 71 Y= QIALE AT F 0l 7HH GV 7 AT, A Aol ek FE o] G whwk AL§-5 o
ik
W 3.9 =7}
PyObject *PyObject_VectorcallMethod (PyObject *name, PyObject *const *args, size_t nargsf, PyObject
*kwnames)
MEHE 52 792 A5l WASE S HAE o 5L shol A £AD name o 2 AT Y]
th A =7 225 = AR = argsl0] ©1 ™, args[1] ol A Al 2Fol= args i d-& ©5 9] AHS YR YT
3hit o] 49 91 %] A7k o] oF T Tk nargsf & argsl0] & EFIE X AR S0l M, args (0] gkol
dA Aoz AHAFE 4 9O PY VECTORCALL_ARGUMENTS_OFFSETO] 3]l A Ut) 7| Y= AA}=
PyObject_Vectorcall ()M AYE ALdE 4 JdFUth

Aol Py TPFLAGS METHOD _DESCRIPTOR 7]% 0] Qo ™, A args NE] S A2 AAE A &
A= AAE EEFUT
3E3tH & A5 vhghelar, Ao st o9 & S8 A 7] 31 NULL-S Wk )

A 3909 7}
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724 SE X|¥ API

int PyCallable_Check (PyObject *0)

Part of the 4% ABL A7) 07} 228 %) BAFUTE AA7F T E oW 12, 294 gkew 0
HEEHEU T o] B B A BRI T

o

73 <X ZT2EZE

int PyNumber_Check (PyObject *0)
Part of the V7 ABL AR o7} A Z 2 EZ S A &3}
o). o] B4 Ba AT U
WA 3804 WA 07k AE A e 15 o

PyObject *PyNumber_Add (PyObject *ol, PyObject ¥02)
WEek gk Al ZZE. Part of the 9+ ABL 0l 3} 025 B3t A3, A 9] Al NULLS WH3HgH
Fd4 ol + o029t FSHYTh

PyObject *PyNumber_Subtract (PyObject *ol, PyObject ¥02)
v gk A 2. Partof the ¢+ ABL ol | A 02E wil 23}, A9 A| NULLS ¥FEFSHU T}, o] A& njo) A
FdA4 ol - o029 FEHYTH

PyObject *PyNumber_Multiply (PyObject *ol, PyObject ¥02)
uk3kzk: A ZZ. Partof the 97 ABL 0l 3} 025 3¢ A3}, A3 A| NULLS ¥H3H3}
¥ o1l * 028 FEHUTH

PyObject *PyNumber_MatrixMultiply (PyObject *ol, PyObject ¥02)
Wk zk: A ZZ. Part of the 9+74 ABI WA 3.7 0| Z 2, 0l 025 P2 FASH A7, A3 Al NULLES
MLRHE Tk o] AL Shol W EAA ol @ 029 BS T
WA 350 =7}

PyObject *PyNumber_ FloorDivide (PyObject *ol, PyObject ¥02)
¥L3L 7k A 2R, Part of the 9H4 ABL 0l & 022 R4 VA8 -2, A5 A] NULLS ¥H8He T} o] A
stolH xHA o1 // 028 TS FYTH

PyObject *PyNumber_TrueDivide (PyObject *ol, PyObject ¥02)
ke gk A ZFZ. Part of the 9+ ABL Return a reasonable approximation for the mathematical value of ol
divided by 02, or NULL on failure. The return value is “approximate” because binary floating point numbers are

approximate; it is not possible to represent all real numbers in base two. This function can return a floating point
value when passed two integers. This is the equivalent of the Python expression o1 / o2.
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e
ok
111
g
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|o
rg
A
SN,
fifo
r]I.
r 4
E_?{_',
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)
pa)
flo
i)
)
X

°
o
)
pa)
rlo
i)
)
x

rlo

PyObject *PyNumber_Remainder (PyObject *ol, PyObject ¥02)
WSk Zk: A ZZ. Part of the 2+ ABL 0l & 02 2 Y& YW A, A9 Al NULL-S WFEHEHU T} 9]
stol A 01 & 028 TS FY L

PyObject *PyNumber_Divmod (PyObject *ol, PyObject ¥02)
WEEL 7k A ZFZ. Part of the 9+ ABL U7 8 divmod () & FX A 2. A9 NULLS HHS
Urth o] 2L stol A ¥ 4] divmod (01, o02) 255U Th

PyObject *PyNumber_Power (PyObject *ol, PyObject *02, PyObject *03)
Wk A Z=. Part of the S ABL W 34 pow () & A2 38H4IA 2. A3 8td NULL-S WY T
o2& ol HAA pow (o1, 02, 03) %EEHLITH o714 o3 A AT 03T T A,
3 ztgloll py_Noned AT AL (03] NULLS HEstH 229 w2 2] HA| 27 3 o).

)
rlo

e
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PyObject *PyNumber_Negative (PyObject *0)
wkek gk Al F 2. Part of the 73 ABL A3 Al 09] 2 9] Zk(negation) S, A 3] A] NULL-S WFEHSH Y
o7& shol M WA -0} 55 T

PyObject *PyNumber_Positive (PyObject *0)
WLBkgk: Al B, Part of the 97 ABL AE A 0%, A5 Al NULL-E 983 T o] A& Sho] W E 3 4]
+o9h S5 T

PyObject *PyNumber_Absolute (PyObject *0)
W8k Al ZE. Part of the 947 ABL 09 ARl A5 Al NULLE WEHEU T o] AL Tho]
#HA abs (o) & FFHYTH

PyObject *PyNumber_Invert (PyObject *0)
wEskzk: A Z=R. Part of the 17 ABL A& A] 0] H] E ®1A (bitwise negation) <, 4! 3] A] NULL-S W33}
g} o] A& shol Ml EAA ~09 S 57U T

PyObject *PyNumber_Lshift (PyObject *ol, PyObject ¥02)
WSk A ZHZE. Part of the 9+7d ABL A& Al 0l S 02TE AZE 0 F A|ZE 3t 435, A9 A] NULLS
BhE U h o] 2L shold EAA o1 << 029} F5FILh

PyObject *PyNumber_Rshift (PyObject *ol, PyObject *02)
szl A 2R, Partof the 9+ ABL A3 A ol 2 02U L E&E0 7
= WY T o] 212 Fhol i @A o1 >> 028 FFFUTH

PyObject *PyNumber_And (PyObject *o1, PyObject *02)
e 7k A 2. Part of the QF ABL A2 A] 0l 3} 029] “B| EH =2]F (bitwise and)” =, A 3j] A] NULL
£ WU o] AL Fol W BB ol & 029 5Tk

PyObject *PyNumber_Xor (PyObject *ol, PyObject ¥02)
Qb gk A R, Part of the 27 ABL /35 Al 0l 3 022] “H] E X vl E} 4 1= 2] 3 (bitwise exclusive or)” <,
5] A NULLS kg o, o] 22 shol M R@A o1 ~ 029 ESFUTh

PyObject *PyNumber_Ox (PyObject *ol, PyObject *02)
WSk A ZZ. Part of the 97 ABL A3 Al 013} 022] “vH]E X =2] g} (bitwise or)” <, A 3] A] NULLS
WS T o] 212 Ttold A o1 | o289 FEHYTH

PyObject *PyNumber_InPlaceAdd (PyObject *ol, PyObject ¥02)
w3k gk A ZZ. Part of the ¢+ ABL 013} 025 B 3 23, A9 Al NULLS ¥FSHSHU T, o] A AR 0]
o] A1 sk A A2 o M (in-place) T FH Ut o] 212 3ol W £ ol += 029 TS HYTh

PyObject *PyNumber_InPlaceSubtract (PyObject ¥ol, PyObject *02)
wiEzk: A 2. Part of the 97 ABL ol 9| A o2& "l AT}, A5l Al NULLS ¥FSEsHU T}, o] AARS o]
o] A48t A Ape] ol A (in-place) = FH Utk o] 2L 3ol £ ol —= o298 F5FUTH

PyObject *PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
HEEgh: A 2. Part of the 247 ABL 0l %} 028 w3 A, A3l A NULLS WY T} o] A4k ol
o] A5t A AFe] ol Al (in-place) 33 FH U th o] 21-& Tholf £ ol *= 029 FEFUTH

PyObject *PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
wrEL gk A ZZ. Part of the HA ABI YA 3.7 0|3 2. 0l T} 025 3§ & FASE 23}, A9 A NULLS
S S T o] AA4H2 ol o] | 9151E A| 22 ol Al (in-place) 5= B U T o] AL 3ho] M £ ol €= o2
9 £ 5 Lh
B A 3.50] &7}

¥

S

[kl

E

U

|

&

43

it

, AT Al NULL
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PyObject *PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)
w3k 2k A ZR. Part of the S+ ABL 0l & 02 & Ve 84 Z & o] (floor) U, A3 A] NULLS wHEHgH
Yok o] A4 ol o] A AHA A A2l ol A (in-place) B F U Tk o] AL shol Wl B o1 //= 029
F5h

PyObject *PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject ¥02)
wksk gk A 2. Part of the 97 ABIL Return a reasonable approximation for the mathematical value of o/
divided by 02, or NULL on failure. The return value is “approximate” because binary floating point numbers are
approximate; it is not possible to represent all real numbers in base two. This function can return a floating point

value when passed two integers. The operation is done in-place when ol supports it. This is the equivalent of the
Python statement o1 /= o2.

PyObject *PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
vkek gk A} 2R, Part of the $+4 ABL 0l 2 02 & s U AL}, A5 A] NULLS wFSH3HU o}, o] d4ke
ol o] A1 A3t A 2] o A (in-place) B F UTh o] AL stold £ ol 3= 028 TS5 FYTH

PyObject *PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject *03)
ML8gE: A B, Part of the 97 ABL W& 4= pow () & B2 M1 A & A ek E NULLE WHEE T
o] A4+ ol o] A A3t Al A}2] ol A (in-place) =3 F Ut} o] A 037} Py _Noned wf aho]d &7
o1 *¥= 029, 187 WO H pou (01, 02, 03) < AA VT F5 LItk 038 FAISAH, 1
Z4el ol Py _Noned AZIAAIL (030 NULL-S HEotd AR E R 2] A7 dg ).

PyObject *PyNumber_InPlaceLshift (PyObject *ol, PyObject ¥02)
ke gk A FZ. Part of the 9+ ABL A& Al 0l S 025 J&E 072 A ZE 3 A5, A9 A] NULL
= WUt} o] A4k ol o] A Y Al AL ol A (in-place) TR U Th o] AL Shol W £ o1 <<=
029} S5 o},

PyObject *PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)
wrEk 7k A 2. Partof the 9+ ABL A3 Al ol £ 0292 L EZ 07 A2 E 3 A5, 439 A] NULL
= Wty o] A4 ol o] A8 AR} ol A (in-place) 3 FH Utk o] A2 o] W 4 o
02 F5dYTh

PyObject *PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
BESk g2k A} 2. Part of the 17 ABL A3 A 0l 3} 029] “H) E =] (bitwise and)” <, Al 3] A] NULL
2 W o o] A4 ol o] X A3 Al 2he] ol A (in-place) S+ FH U ©] 2L sto] A B o1 s=
029 F 5T,

PyObject *PyNumber_InPlaceXor (PyObject *ol, PyObject ¥02)
HEekZk: A R, Part of the 2F78 ABL 238 Al 0l 3} 022] “H] EE ul }4 =] 3 (bitwise exclusive or)” <,
A5} A NULL-Z WHEHHU T o] Q4+ of o] 2| A8Hel Al 2k 2] ol A (in-place) 5 F LTk, o] 2L 5ol 2l
2ol = 029 BS3Th

PyObject *PyNumber_InPlaceOr (PyObject *ol, PyObject ¥02)
WSk A ZZ. Part of the 97 ABL A3 Al 0l 3 029] “v] E X =2] ¢ (bitwise or)” =, A 3] A] NULLS
Wty o) o] A4E2 ol o] A8 A AL ol A (in-place) T F Ut o] AL fo] W £ ol |= o2
ot FSdYTh

PyObject *PyNumber_Long (PyObject *0)
W3k gk A} ZE. Part of the S+ ABL A3 A A4 AAE AAH 0, A3f A NULLES 9FEHE U o}
o] AL sho] W A4 int (o) 9 F5HUTh

PyObject *PyNumber_Float (PyObject *0)
vkskzk: A Z=. Part of the $F4 ABL A2 A float AA 2 WEH 0E, A3 A NULL-E ¥ o}
o] A sl W A4 £loat (o) 9 55U Th
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PyObject *PyNumber_Index (PyObject *0)
vkekgh: A 22, Part of the Hd ABL A3 Al 3ho] A int2 WM 3H o
Al TypeError o &) 7} /8 gt}

H A 3.109)| A ¥ 7 : The result always has exact type int. Previously, the result could have been an instance of
a subclass of int.

mlru

, A3l Al NULL-S WHEHgR o). Al 5

PyObject *PyNumber_ToBase (PyObject *n, int base)
ek A Z=. Part of the V4 ABL A5 ng A basei e S e el —EZ}“Q kg o
base ARVE 2, 8, 10 E 165 SLfolof e, 2152, 8 = 169] 25, whe
w1 0x0 9] 115 EAI A7} 212 sholl Btk no] Sol 4 itz ol ], A
Mg o,

Py_ssize_t PyNumber_ AsSsize_t (PyObject *o, PyObject *exc)
Part of the 2+ ABL o7} A2 A E = 9 oW, 05 Py _ssize t FFOE WIS ¥ISsULH §&
o] AsfstH, o 2] 7} LAY 0}51 19] E‘}%‘rg yrtt.
o7} stol W intZ MIE = QAW Py _ssize t FZFOZE HESIEH = A|E7FOverflowErrorE WA A
7198, exc Q1A= WA S o] 2] 9] & (YHEA © 7 IndexErrortt OverflowError) YU Tth exc7} NULL
old, &7} YA FFe 29 A4 PY SSIZE_T MINO &, %9 H4E= Py SSIZE T _MAXE
ZE

int PyIndex_Check (PyObject *0)

ol dll 4 (tp_as_number -2 2 nb_index €% 0] 2| ¢ A
ST H 12 M, T8 $oH 02 N o ot 94 AT

74 \HATEEE

int PySequence_Check (PyObject *0)

Part of the S+ ABL AA 7} Al DA 22 EZF zﬂ*s}tﬂ 1 wEstar, 28] ko 08 whEgh ok
__getitem_ () WINET} & FHol A “?41¢«1 3Fdict Al B Ze 27 obd 312 WHEkst= 29
oSt Al L. dutA o g2 Fefjavtold P9 715 A WoteA AT = g7 W2 Jytth o] e

P44 4F ek

Py_ssize_t PySequence_Size (PyObject *0)

Py_ssize_t PySequence_Length (PyObject *0)
Part of the V% ABL 48 A A|A2 0°] A7 45 u8st7, A5 skH -1 & M@ T} o] AL gho] A
#£d4 len (o) 55 FYTh

PyObject *PySequence_Concat (PyObject *ol, PyObject *02)
WSk gk A ZZ. Part of the F7 ABL A F Al 018} 022] o]o]E o] 7| & HI3Hsl 17, A 9 51H NULLS
WEFHTE o A2 sl H EAA ol + 022 E ST

PyObject *PySequence_Repeat (PyObject *o, Py_ssize_t count)
wiskgk: A ZZ. Part of the 9F4 ABL Al A2~ AR 05 count A WHE3 A5 vk3tst A Y, A 9] Al NULL
= WYtk o] 212 oW WA o * count & FFHY DP-

PyObject *PySequence_InPlaceConcat (PyObject *ol, PyObject ¥02)
Wk A} XL Part of the 27 ABL A3 Al 0l £} 029 °] ol °]7] & WhEshal, A3 5 H NULL =
Hhehetyth o] A4k ol 7} Al ASHE Al AF2] of| A (in-place) s+ FF U th o] 21 Shol W FF A o1 +=
029 F5 Yt

i
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PyObject *PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)

wiEkzk: A ZZ. Part of the 2+7 ABL A A2 AR 0E count A HHE-3F A& Hl35} , A 3] Al NULL
2 B o] QAL 07 A NBHE A2l o A (n-place) 5 AR LI ek o] AL Trol W BB o -

count &+ F5 Yt}
PyObject *PySequence_GetItem (PyObject *o, Py_ssize_t1)
vkek g2k A} ZE. Part of the SV ABL 098] i WA @ A2 wlgst AL}, As)eld NULL S ¥HEHeh o)
o AL stol W A o[1] 9 FEFUT
PyObject *PySequence_GetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)
WSk 7h: A 2R, Part of the SV ABL Al A AR 09] i1 8}i2 AFo) 9] £fo]|AE ¥lsa A, Aojstd
NULL2 ¥Fghetyth o] 22 sfold 28 A o[i1:12] ot T H YT
int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)
Part of the 913 ABL 27| vE 0] i ) 2.20] thYgich 495 )9 8 AN A3 12 ke
FUTh 435 02 RBFUTh ol A2 sl EF oli] = veh FFIVTh o] It vl th
Nz2 52 F5UTh
vZFNULLo| |, 8 27} AHA =] R 9k, o] 7] %5 pySequence _Delltem () AHES Y& F A5 US54t}
int PySequence_DelItem (PyObject *o, Py_ssize_t1)
Partofthe 917 ABL o AA|2] i WA} 8 4E A7 BT A she 12 Wk Th o] AL shol W B
del o[i]19 53k
int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t 12, PyObject *Vv)
Part of the t7 ABL A|A 2 AR vE AlDA AR 09] il 9| A i2 Abo] 9] &efo] 2o th gt o] A
stolH 4 o[i1:i2] = v ETFYTH

int PySequence_DelSlice (PyObject *o, Py_ssize_t il, Py_ssize_ti2)

Part of the V7 ABL Al A A 09 il 0| A i2 Abol o] Sefo] AF AMA| U Th Aafshd -15 Wiy
o o] 22 ol £ del o[il:i2] %} FFHYTH

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
Part of the V7 ABL o0l Y= value®] 5 ¥133HU ), =, key} == valued WE3t=keyd +&

o
Wty oh Asfehd -1 o ‘E‘}%‘r?é“%r%- o] 21 Fto] W F A o.count (value) & 55 FYTH

int PySequence_Contains (PyObject *o, PyObject *value)
Part of the ?t% ABL o0l value7} Q=2 EAFUTE 09 5 5 U7t value2} 22 1 93t
2@ orom 0 warghth oe] Al 18 WakEh o} ol sho] M E@4 value in o9 5T
gt

Py_ssize_t PySequence_Index (PyObject *0, PyObject *value)
Part of the 7 ABL o[i] == value2 WE3t= A WA od 2 S 93ty o8] A] 12 93
Yt} o] AL stol M EHA 0. index (value) & 553U

PyObject *PySequence_List (PyObject *0)

o

1o |

qhshgk: A = Part0fthe Fd ABL Al ol 5 08} 22 8-S 71X |2 E AR E HH3tks)
U, AsalE norLg BEE o) waE e Ass A2e Aog AR YT o] AL shol A BE A
list (o) & &5 FYch

PyObject *PySequence_Tuple (PyObject *0)
WRgk A 22, Partof the 917 ABL AL | EE £ 09} 22 1 §-2 713 £2 AH & WAL,
A 5e NULL S WEFU T 07} BZol W, A2 e 227} MHE L, 297 gow R 423

W g0z BEeFrh o AL shol A £A4 tuple (o) %55 Ltk
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PyObject *PySequence_Fast (PyObject *o, const char *m)

wiEkzk: A ZZ. Part of the ©+7 ABL Al A2 o]E B E oS T} E PySequence Fast* AlY g0 A
A Sl AR WA T A7 7412 ol E o] bR g v A B E 2 A el
TypeErrorE SHAAI U th A3 Al NULLE W3 o}

PySequence_Fast* &4 = 07} PyTupleObject W PyListObjectelal 7FQA 311 0] HlolE H =
o A M 237 W7ol o]ZEA o]F vAF YT

CPython 7@ Al AFF o2, 07} o] u] Al A2 2|2 E W, vk Yt
Py_ssize_tPySequence_Fast_GET_SIZE (PyObject *0)

09 Zo]E WME3sl=H, 07} PySequence_Fast ()o 93] W& =E 3, 07} NULL o] o}y
g ZtATS YL A7 E oo W Pysequence Size()E TEJ] 9L = AT
PySequence Fast_GET_SIZE ()= o7} B|2EY EZo|gtn 71 E = Qo mn 2 o w5 Ut}

PyObject *PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t1i)
wskzh Ay X, 09 i HA 45 WEst=t|, 07} PySequence_Fast () ol &3] ¥13= 9111, o7}
NULL ©] OM ‘ﬂ, i7 A el Avkar b o

PyObject **PySequence_Fast_ITEMS (PyObject *0)
PyObject Q18 9] st v &5 WHtU th 07} PySequence_Fast () o] &8 ¥H&H $l3L, 07} NULL
o] ohueti 7Hg Fch.
g 2B I77F AR HY, AL Fo] FE )
EEEECEE R R SRS

AT gl fol AL, mebd, A2 a7t

PyObject *PySequence_ITEM (PyObject *o, Py_ssize_t1)
WAL M FE oo i WA g€ WBAAY AARE wiL e WBG O
PySequence_GetItem ()2 WE 3 A o] A"k ool 3] PySequence Check () 7} zHol A A A}
37 kL, $4 AEAE 2H5A ehe o,

75 1L Z2ESE

PyObject_GetItem(), PyObject_SetItem() W PyObject_Delltem()E ZFZ A L.

int PyMapping_Check (PyObject *0)
Part of the V7% ABL AR 7} w8 =2 EZ S A2 3}
gom 02 NS F YT _ getitem () WA E7} S 7 L
FoBANL; AuA 0T Ze) At ANSRE 7] BL BUE 5 g WE AU o B4
).

Py_ssize_tPyMapping_Size (PyObject *0)

Py_ssize_t PyMapping_Length (PyObject ¥0)
Part of the ?+7 ABL & Al 214 098] 7] 5 Whebstar, A8t —12 W8kt th o] = sfold 3 4
len (o) 255 &Yt

PyObject *PyMapping_GetItemString (PyObject *o, const char *key)
WSk 7k A ZZ. Part of the Q4 ABIL. This is the same as PyObject_GetItem (), but key is specified as a
const char* UTF-8 encoded bytes string, rather than a PyObject*.

int PyMapping_SetItemString (PyObject *o, const char *key, PyObject *v)

Part of the Q7] ABIL This is the same as PyObject_SetItem (), but key is specified as a const char*
UTF-8 encoded bytes string, rather thana PyOb ject*.
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int PyMapping_DelItem (PyObject *o, PyObject *key)
o] AL PyObject_Delltem ()2 HA AT}

int PyMapping_DelItemString (PyObject *o, const char *key)
This is the same as PyObject_DelItem (), but key is specified as a const char* UTF-8 encoded bytes
string, rather than a PyObject*.

int PyMapping_HasKey (PyObject *o, PyObject *key)
Part of the Q7 ABL ] AR ol key 7] 7} 2™ 1
o] FHA key in oS FFHYLH o] T FAAFTIYCH

#F31: Exceptions which occur when this calls __getitem_ () method are silently ignored. For proper error
handling, use PyOb ject_GetItem () instead.

int PyMapping_HasKeyString (PyObject *o, const char *key)
Part of the Q7 ABIL This is the same as PyMapping_HasKey (), but key is specified as a const char*
UTEF-8 encoded bytes string, rather than a PyObject*.

ZF31: Exceptions that occur when this calls __getitem () method or while creating the temporary st r
object are silently ignored. For proper error handling, use PyMapping_GetItemString () instead.

PyObject *PyMapping_Keys (PyObject *0)
WERZE: A ZZ. Part of the 9V ABL 4231, A7) 09] 7] P 2EE MBI T A shE, NULLE
S gh o
WA 37 M WA o Aol & Fvt Bl AEL FES Mg
PyObject *PyMapping Values (PyObject *0)
wEEL gk Al ZZE. Part of the 9+ ABL A &3 H, A A 09 3k 2]~ plaald
ukekghu o,
WA 37004 WA o] Aol 7t Bl AEY FEe sy
PyObject *PyMapping_Items (PyObject *0)
HEeh gk A =R, Part of the ?}Xé ABL A334, 2A ool &= F= g
B2 7z AL EehE REU AslehE, nLn L ek o

WA 3704 HA: o] dofl & Srrt BBy FES s U

mlm
sl
rigt
o
L
v
ﬂl>'

19| 3} H, NULLS

~EZ WAFUT o747

76 O|E{[O|E] =2 EZ

E3] olH e olHE AR AT F F Tt A
int PyIter_Check (PyObject ¥0)

Part of the ¢+7 ABI HPG 3.801% 7. AA o7} PyTter Next () o SHASHA AEE 4= glow
FS, AFA G’ 02 EHF UL o] e I AT

z

U,

)
o
o
(o]
-9
o

int PyAIter_Check (PyObject *0)
Part of the 2+7 ABI WA 3.10 o] & &. AA| o7} Asynclterator T2 EZS X Y3}H 00] o}d k2,
a3 ol oS EHFEYUL o) = FHATEYUH

WA 3.100] 7.
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PyObject *PyIter_Next (PyObject *0)
ks gk A R, Part of the 9+ ABL  ©olE g o] ¥ oo A TF2 S WUt =
PyTter Check ()o] B2 o]Ealo]g o] of STk (o] AL Felale AL T2 AL UT). &
grol glod, o &7 AAH A 942 A& nuLL S RhEt Y o) & = &<t
NULL-E §H8H3LI o 9] & A2t

olH ol E o|H o] EstE F2E A4St W, C ZEE o|d A o= HojoF

8/
flo
N,
o r

PyObject *iterator = PyObject_GetIter (obj);
PyObject *item;

if (iterator == NULL) {
/* propagate error */

}

while ((item = PyIter_Next (iterator))) {
/* do something with item */

/* release reference when done */
Py_DECREF (item) ;
I3

Py_DECREF (iterator);

if (PyErr_Occurred()) {
/* propagate error */
}
else {
/* continue doing useful work */

}

type PySendResult

The enum value used to represent different results of PyIter Send ().
WA 3.10) =7}
PySendResult PyIter_Send (PyObject *iter, PyObject *arg, PyObject **presult)

Part of the 2+7d ABI ¥ A 3.10 ©] & Z. Sends the arg value into the iterator ifer. Returns:
e« PYGEN_RETURN if iterator returns. Return value is returned via presult.
o PYGEN_NEXT if iterator yields. Yielded value is returned via presult.
« PYGEN_ERROR if iterator has raised and exception. presult is set to NULL.

WA 3.100 =7}

7.7 HH ZEEZ

shol Mol 4 g2 4 gl o A& s 2 wld wi W oo ek QA AE T ol @ A
o = W% bytes 9 bytearray, 12| array.array 9} 2.2 4% g9 o] L3F YTk A4A gholn
el oA Aeluh 22 A4 T 2L B4 SR AA BE AT 4+ dEUTh

S
o83 B2 247 5.9 o)) 7} YA, (o) 2 v e W3] o)) AR = FEY S TR
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o AR Z o)A, Wol W ABFH o] A7 Y 4 g, 28 AA} SR W ARE e F

& 5 A U o] AB sl 2t ]3] A7) FxA] el A APk

o 2R 2ol A, ARe] DA SR dlolEel 3 £AHE A7) Ao A 7R BHE ALT 5 A%
Ut} (612 o] A A @),

bytes 9} bytearrayh 22 Zbeheh A= s MBS vl E A F FA 0% 23Uk T FH =
7Fs Ut ol & 9], array.array°l 28] &5 £ 24 HE HlolE gho] E £ JdH UL
H 3 QB 3| o] 28] u A} ofl = 3L AR write () HAES] o]~ E 53 A7 npolE

SR e REAAE 9L 7152 = A5 Uth writ

AL AN 29 DA T readinto () & 2L THE A==

HH Qe H ol AA 7} 9 7]-27]9F ¢l 7] A HuE AEF

3 Qg3 o] 20 2nAF7F A} Ao s M3 & d= W olE F A7 A5 Utk
e ZHLE 7] M4 Z Pyobject_GetBuffer ()& S&gUrth

o yrwt EE st B4 25 % U ARI0] pyarg ParseTuple () (EE 1WA F NS 5EF

A 25 W57l He Q3K oW PyBuffer Release () S &3 okttt 2874 31A ¢tod
MY 4ot 2o ket EA 7 A e 5 syt

W3 F2A (L Eed] W H”)E oE AA 9 vtoly 2] HolHE stold Zradmof A =Est
oz F8FUTh =Y, BAF §l (zerocopy) Seto] A MIAUF o2 A S 5 dsyth W2 £52
Fzote 58S AFEEA, Y] HolBE sto|d 2 I moA o} YA =2 5 JdF Utk R =
CEAo S Mad = don, 2 AA etol B2 ALH 7] Ao 243517] A A &2 E5d
4% 93, volEl B ol W 2 & (in-memory) F A 0 &2 L231H to]HE A v AR E 45 95 Y
Jhol AE =] B 7} e E 8k th 2] HlolE @3 28], W9 = pyobject ZAE 7L o2t =8 C
ZA Gt ol & S vl A T BAME S dsuth HEE ARe At A Hv de g,
vz 5 A E vE 5 s yTh

A8 3k (exporting) 21 A S 2 HE Foed,

S e AR Wl AA TEAE BRFAA L W
o

type Py_buffer
Part of the 27 ABI (including all members) ¥] 7 3.11 o] 2 2,

W] BE] o3 7148 ol 4 2o A4S 7] 7] EAH. o] 2 AF A exporter) 9] 5
25 9 BE 90 & A5UTh o E Sol, 29 strides® S5 gl

PyObject *ob3j
Al &3} (exporting) A A of] T8k A| FHZ. FZRE= 42U A7} 427331, PyBuffer Release ()
e AHF o & A I (5 Fx A5Vt LU h NULLE AR FH Ut o] SE+ FF C-API
o) wha gt B 5 o,
E4 3 AL =E, PyMemoryView FromBuffer () W PyBuffer FillInfo ()2 ZXAR QA
(temporary) ¥} 3 ¢] 7§, o] IE= &= NULLYUth UREAH O =E, 7|3 6F= (exporting) 2 A= ©] A
AE AHE3A) ghotof itk
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Py_ssize_t 1en
product (shape) * itemsize. AL Qo] A%, S HEE E
Qo g, A% xdog BAETHE e 8 727 2A 2 2ol
((char *)buf) [0] ©IA ((char *)buf) [len-1] AL AN AEAH S B st=
S4dog Wy7EHEH Ao 2Tt thRE o]g3 R 3L pyBUF SIMPLE =
PyBUF_WRITABLE Ut}

int readonly
W37 7] AL AAE Yeg= BA 7YYt o] == pyBUF _WRITABLE Z 2| 12 Ao ¥
e,

Py_ssize_titemsize
9 @49 &2 F7])(v}o]E)Jd Yt NULLO] o} format Zkoll €& H struct.calcsize ()
# Z5ych
=231 99 48]|A}7} PyBUF_FORMAT Z 8|1 §lol ¥ E &
A9k itemsizer o] A3 G A e 25 Uh
shape®] 992, product (shape) * itemsize == len X7} A% A Y3t An A=
Stemsizo® LGSl WA E BAY 4 dgUn
PyBUF_SIMPLE ©| Y PyBUF_WRITABLE 2 A9 A3 F shape®] NULLO| W, A ¥ A=
itemsizeE FA|SLA itemsize == 12 7} oF gt}

JStH, format-& NULLE A AH

const char *format

A NUL terminated string in st ruct module style syntax describing the contents of a single item. If this is
NULL, "B" (unsigned bytes) is assumed.

o] @=L pyBUF FORMAT Z e 18 Alojg U th

int ndim
#2227} n 7‘<P°4 22 Uetl= A . 0019, bufes 2ZEHE Bl = Y F52 7H

AUt} o] A, shape, strides W suboffsets+= YEA] NULL 0]01 ofgtUth AU A4 ==
PyBUF_MAX_NDIM2 2 A A E Y D}.

Py_ssize_t *shape
n-2H Wz m R e RFS UEtl = o] ndim®| Py_ssize t W . shape[0] * *
shape[ndim-1] * itemsizex leni} Zro}of gt}
B¢ g2 shape[n] >= 02 AP YT shape[n] == 0% 3¢= SET F47 289
oh A AR 249w e BRI L.
shape vl &-2 A u] A} Al ¢17] A& AT}

Py_ssize_t *strides
ZF Aol A A 45 7HA 27 fe AUE vtolE & AlF sk 2ol ndim®] Py _ssize t
HH <.
AEOE ke Qlele] A4 4 gtk ek o] A9, AE O EE HE FHo| AT,
2¥] A} strides([n] <= 091 A5 A2 5 dojoF Fuch AATF W& H5tsh v d&

BRI 2
strides W} €& A u) 2ol A 917 AL QU tth

Py _ssize_t *suboffsets
Zo] ndim®| Py _ssize t ¥]4. suboffsets([n] >= 0 ¥, n WA L& v} A=
OlEjol L A B @ Al gFe o X (de-referencing) & ZF E Bl o] g} & HlolE =& urE]_
2o B 2= Al ghe A F X (de-referencing) 7} T A 5} A] kofok &2 vpEFH Y 1;]_ (A2 ]E'_FJ
E5olAe 2ETOE).

m& 5“
Corlo
2ot
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BEAH EM0] £5W (5, 427 BREA GO W), o BEENULLEIER) ol ofok Fuih
o] %39 v 141 o] v 74 eho] 11

212] (PIL) ol A ARG Ut o] 23k vl @ R4l HA|
o] o

void *internal

o] 212 Al-&-3F= (exporting) A of] o] &) FE-H o2 AFEH Ut o & , 0] 212 A|-& A} (exporter)
7} A5z oA 2B 4 glow, v b 7]— A2 uf shape, strides El suboffsets Wl & 3l 7| 3} oF
%}f ]q]q]ﬂ“*aﬁl i Fote ol AFEE Uth 28247t o] g2 W AsiAE gyt
g
PyBUF_MAX_NDIM
227k et = H o A ¢ AUtk AlF A o] Alds &5 oF shH, thab ¥ 3 9] v Ap=
PyBUF_MAX_NDIM A7}A] A2l d = glojok Ut A A 642 A= A5 T

772 B 2 S

W3 £ U7l Pyobject_GetBuffer ()5 B3l A& 3= (exporting) AAZ W3 24 & RuUA A5 ¥
2|8 =2l A Fxo BEgol A e = Jleug, anAte AT 5 e e i {132 A6
A8l flags AAHE AHEFU T

RE Py buffer 25+ 8% 13 93l Bx3tA A A9 Uth

U2 F == flags®] JFS TR & FAF 02 oz AP Aok Utk obj, buf, len, itemsize, ndim.

readonly, format

PyBUF_WRITABLE

Controls the readonly field. If set, the exporter MUST provide a writable buffer or else report
failure. Otherwise, the exporter MAY provide either a read-only or writable buffer, but the choice
MUST be consistent for all consumers.

PyBUF_FORMAT
format BEE AoFUth ARHHY, o] =& SvE2A Aok FUth 2183 o,
o] B= & W= A NULL ol o of i}
PyBUF_WRITABLEL T}& Ao RE Z 19| B 4 Y5 UTh PyBUF _SIMPLES] 008 AoH B g,
PyBUF_WRITABLE-> 593 T 1E AMEH o] Thdst 227] 7hs3t B & A 5 s UTh

PyBUF_FORMAT can be |’ d to any of the flags except PyBUF_STMPLE. The latter already implies format B (unsigned
bytes).
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shape, strides, suboffsets

W22 =g FRE Aofste Sl 1 BT gaste SAZ dEgH YUt ZH S8l 2+ T off el e
S 1Y REHEE =3t
| 23 | shape strides | suboffsets |
yes yes 2 g 35hd
PyBUF_INDIRECT
yes yes NULL
PyBUF_STRIDES
yes NULL | NULL
PyBUF_ND
NULL NULL | NULL
PyBUF_SIMPLE
Afd 2F
CUZERASALS BAHLE 83T 4 e, & olE FRE XFIE 1A V= Fch
2EgtolE FH7FQLOH, W& C-d& o] ook Iy D}.
| 23 | shape strides | suboffsets | Y154 |
yes yes NULL C
PyBUF_C_CONTIGUOUS
yes yes NULL F
PyBUF_F_CONTIGUOUS
yes yes NULL CEE=F
PyBUF_ANY_CONTIGUOUS
PyBUF_ND yes NULL | NULL C
=25l O X
I H O
RE7s 832 ddY e 2ol e &hds] YFUth A4 W Z2EFL2 A AHE =
23 dd S22 AFFch
s FolAd Ue AYHA @2 d58s e Ut anAe d54s #dst7] 98l
PyBuffer IsContiguous ()E E&d]oF gt}
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(=X | shape | strides | suboffsets | 212544 | readonly | format |

yes yes Je3H | U 0 yes
PyBUF_FULL

yes yes Je3H | U 1E==0 | yes
PyBUF_FULL_RO

yes yes NULL U 0 yes
PyBUF_RECORDS

yes yes NULL U 1 E==0 | yes
PyBUF_RECORDS_RO

yes yes NULL U 0 NULL
PyBUF_STRIDED

yes yes NULL U 1X£+=0 | NULL
PyBUF_STRIDED_RO

yes NULL | NULL C 0 NULL
PyBUF_CONTIG

yes NULL | NULL C 1E=+=0 | NULL
PyBUF_CONTIG_RO

ol

7.7.3 SZ5H S

I'

NumPy-AE}: shapel} strides

NumPy g =i iel} Hﬂoﬂ_/] =74 3l FZ
ndim == 09°]|9, bur7} 7} 7| = W &
W stridess= B5 NULL YUYt}

strides7FNULLO|H, v

) o] @A 25 of ]k

3 =
2xF

A9 Col Q= 3 A H U 28

oF o ™

w— 1

= itemsize, ndim, shape Y stridesZ A2 T}

2l A A7} itemsize A7]8] AR S| AF Yk o] A%

, Shape

M) 2 ThE 7 2ol n- 3

(char *)buf + indices[0]
* ((typeof (item) *)ptr);

ptr =
item =

* strides[0]

45

+ indices[n-1]

* strides[n-1];

Aol A AFAxol, burs AA HEe £5 W ZE AAE 7Hel 2 5 A5 Uth AlF A (exporter) &= ©]
drz e REYS A TS dSUTh
def verify_structure (memlen, itemsize, ndim, shape, strides, offset):

"""Verify that the parameters represent a valid array within

the bounds of the allocated memory:
char *mem:
memlen:

offset: (char *)buf - mem

mn

if offset % itemsize:
return False

start of the physical memory block
length of the physical memory block

(TH& sl oA ol A1)

77. H =T 2EEZ
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(o] A | o] A e A AL
if offset < 0 or offset+titemsize > memlen:
return False

if any(v % itemsize for v in strides):
return False

if ndim <= 0:

return ndim == 0 and not shape and not strides
if 0 in shape:

return True

imin = sum(strides[j]* (shape[j]-1) for j in range (ndim)
if strides[j] <= 0)
imax = sum(strides[j]* (shape[j]l-1) for j in range (ndim)

if strides[j] > 0)

return 0 <= offset+imin and offset+imax+itemsize <= memlen

PIL-AE}Q!: shape, strides 2! suboffsets

Uul = 9o, PIL 2 el ) Aol Aele) The 248 7H4 2 7] 13 uhehof st B AL £3hE &
AFULH oAl & 50, @3- CHulE char v(2][2] 312709 2-AA MBS 7He] 7] =270 ] Z QT E
ede &% JdFUth char (*v([2]) [2] [3]. suboffsets%ﬁdﬂw, o] F E B & burd] AlZ R
dul= E Qe Wz o= 94 oy vl X E 4 A= F 70 char x[2][3] Wi€< 7He| Y th
ThS-2 NULL ©] o} strides 2} suboffsets 7} 912 wi, N-2tQ A&l A7} 7he] 7] = N-2p v 2 o] 8 40 thst =
9B § uEahE B YU
void *get_item_pointer (int ndim, wvoid *buf, Py_ssize_t *strides,
Py_ssize_t *suboffsets, Py_ssize_t *indices) {
char *pointer = (char*)buf;
int i;
for (i = 0; 1 < ndim; i++) |
pointer += strides[i] * indices[i];
if (suboffsets[i] >=0 ) {
pointer = *((char**)pointer) + suboffsets[i];
}
I3
return (void*)pointer;
I3
7.7.4 B 24 Sk
int PyObject_CheckBuffer (PyObject *obj)
Part of the <t @Am%ﬂ3ﬂﬂ5§J@ﬂﬂﬁﬂHﬂ]AaﬂﬂﬂﬁlEﬂﬂﬂﬂlﬁﬂﬁiﬁ
0< REgHtYth 10] ¥k&E wf, pyobject GetBuffer () 7F A3 Zolgta HAsA = g5y Th

ol e FA AT

int PyObject_GetBuffer (PyObject *exporter, Py_buffer *view, int flags)
Partof the Y ABI WA 3.11 0] 3 2. flagsol] A A H 2 viewE N -EZ exporterol Al L3S By}

A2 2} (exporter) 7+ B EHeE 93 0] W5 = A 23 4 QITHA, BufferbBrror2 4907 31, view—>ob3 &
NULLE A7 3taL, 15 whahksf of gyt
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AF5HE, viewE A $ 1, view—>obj = exporterol )3k A Iz 2 HAASHL, 02 iUt R4S

aGd AA 2 2y A= A2 H (chained) W ¥ FF A A S, view—>o0bj = exporter thAl o] AR =

A2 AU (3 A4 F2A4E BEAR).

T Z L& pyBuffer Release ()°l Y :l' =

ARt th mhebA, Av A7 W E Y et T,
oF g .

PyObject_GetBuffer ()ol that AF Al

Fojok &Yt} malloc() 3 free() & &

PyBuffer Release ()& A&3| 3t ‘ﬂ S =3

void PyBuffer_Release (Py_buffer *view)

Part of the 9+ ABI ¥ & 3.11 o) & 2, W3 viewE s Al 5t 59 2 QY AX QA view->objol th3t 7}st
%}Zi‘é AAFUT (& F=x 2#3 ZAAARUDH. W H 7 H e AREE A 942 o, o] F-E HHEA]

SZaok gth 124 gow Bz ras) BAY 5 AT
PyObject_GetBuffer ()& 53] @A L2 WHFH o o] §4E 5&53= A2 o H YUtk
Py_ssize_tPyBuffer_SizeFromFormat (const char *format)
Part of the V4 ABI WA 3.11 o] 2. formato] A St itemsized ¥t} of 2] 7} A 51
of| ] & WP 7| AL -1 W ok
WA 3.9 F7}
int PyBuffer_IsContiguous (const Py_buffer *view, char order)
Partof the SV ABI W A 3.11 o] & 2. viewZE Ao H W Fﬂ 7} C 281 (order7} 'C') oL} 2 E
(order 7} 'F 1) 1%:0) ALL B 5 Shiblonder7h 12 )W 12 WA T 194 oW 02 WAL
o Bt A AT
void *PyBuffer_GetPointer (const Py_buffer *view, const Py_ssize_t *indices)
Part of the V7 ABI WA 3.11 o] Z. F 1 Z view WHF 9] indices7} 7}e] 7] = W 2 8] A9 S 7FA 3 U}
indices= view—>ndim QA€ A 9] v IS 7}2] A oF gt}
int PyBuffer_ FromContiguous (const Py_buffer *view, const void *buf, Py_ssize_t len, char fort)
Part of the V4 ABI WA 3.11 o] 2, bufol] Y= A5 H len vlo]| EE viewZ B ALY T} fort= 'C!
e p (CAEY EE EED AT £4) D+ Atk A 5E 00] W8 12, o 27} 90w -1
o] whghg Tk,
int PyBuffer_ToContiguous (void *buf, const Py_buffer *src, Py_ssize_t len, char order)
Part of the 9173 ABI YA 3.11 o] Z 2., srcol Y= len B}O| EE bufoll A% ﬁ?‘ﬂﬁ?._ B ALstU o}, order=
O EL O ER AN C AR B ZER 2D A EEE S DY & AFUTh AT 0
o] k2= 11, of 217} QLo ~1 o] ¥ksk Ut
o] St en = sre->len o] A A 9 g o}
int PyObject_CopyData (PyObject *dest, PyObject *src)
Part of the 7 ABI WA 3.11 o] & 2. Copy data from src to dest buffer. Can convert between C-style and or
Fortran-style buffers.

0 is returned on success, —1 on error.

void PyBuffer FillContiguousStrides (int ndims, Py_ssize_t *shape, Py_ssize_t *strides, int itemsize, char

order)
Part of the °+7 ABI WA 3.11 0|3 2. strides | B& F0] A QAT Hlo]E 22} 0] A shape & & A<
(order7} 'C'H C 28} Y, order7} 'F'A T EZ AELY) | € 9] vlo]E ~AE ol 2 ATk

int PyBuffer FillInfo (Py_buffer *view, PyObject *exporter, void *buf, Py_ssize_t len, int readonly, int flags)
Part of the Q+7 ABI W A 3.11 o] & Z.. readonly ol W&} 22 7] 7Vs/d ol AAH len 3719 buf & =& 38 =
A& 2t (exporter) o]l &t W3 &S A2 FUth buf = 75 gl vlo] EQ AJAAE S| A g Yt
flags AA= 23 FF L vepULh o gt buf7t 97 A8 02 AAE A PyBUF_WRITABLEO]
flagsell 7= o] YA o, FAF e 17t A B dh= EHE views A g th.
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HESH, viewsobi § eporero] V3 Al FEE AAHT, 08 WFFU 184 Fow,
BufferErrorE €971, view->0bjE NULLE A A3 T} -1 vkaghy ).

o] =7} getbufferproc®] LF- 2 AF-&= A, exporter 7} A & 31+ (exporting) 21 A 2 A A = o] o 3} 11, flags
AR G2 AR AGE o oF Futh. 1 2] 9F O exporter 7k NULL ©] o] ofF FHu T,

7.8 Old Buffer Protocol

H A 3.05E 9 % H.

These functions were part of the “old buffer protocol” API in Python 2. In Python 3, this protocol doesn’ t exist anymore
but the functions are still exposed to ease porting 2.x code. They act as a compatibility wrapper around the new buffer
protocol, but they don’ t give you control over the lifetime of the resources acquired when a buffer is exported.

Therefore, it is recommended that you call PyObject_GetBuffer () (or the y* or w* format codes with the
PyArg_ParseTuple () family of functions) to get a buffer view over an object, and PyBuffer Release ()
when the buffer view can be released.

int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)

Part of the 97 ABI. Returns a pointer to a read-only memory location usable as character-based input. The
obj argument must support the single-segment character buffer interface. On success, returns 0, sets buffer to the
memory location and buffer_len to the buffer length. Returns -1 and sets a TypeError on error.

int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)

Part of the °+%) ABI. Returns a pointer to a read-only memory location containing arbitrary data. The obj argument
must support the single-segment readable buffer interface. On success, returns 0, sets buffer to the memory location
and buffer_len to the buffer length. Returns —1 and sets a TypeError on error.

int PyObject_CheckReadBuffer (PyObject *0)
Part of the °+7 ABIL Returns 1 if o supports the single-segment readable buffer interface. Otherwise returns 0.
This function always succeeds.

Note that this function tries to get and release a buffer, and exceptions which occur while calling corresponding
functions will get suppressed. To get error reporting use PyObject_GetBuffer () instead.

int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)

Part of the 2+73 ABI. Returns a pointer to a writable memory location. The obj argument must support the single-
segment, character buffer interface. On success, returns 0, sets buffer to the memory location and buffer_len to the
buffer length. Returns —1 and sets a TypeError on error.
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o go] B4t 54 shold AA Yol AW AFPUTh T5o)A FRY Yo ANE ADFHE AL FL
B zho] obduith; stold 2 Il A AR Wkt SHHE G s A FAsA G, WA o
AAE LA PO AT Gl A7) 99 FARLAR, pyoice Check ()% AEHUAL.

Ax: o] Aol AR Bot Ags s AR §L o DA AANAY, e Pt HET A
DA AR £ NULLS S1BHA] 915U o NULLS AR o 2] A2 S uo] WA s SlEl = el
AEA 522 4 A5t

8.1 7|2 4|
o] A ML sholdl F A2 A ZE AA noneol th3) 47 T

8.1.1 & ZHA|

type PyTypeObject
Part of the A 35l API (as an opague struct). |38 S 7)< 5t o ALE = 249 C £ ZA.
PyTypeObject PyType_Type
Part of the S ABL |21 B AA|9] @ AR AUt ol A A5 type 22 AUk,
int PyType_Check (PyObject *0)
AR o7t Y AA A 2 H PO A2HAE xFHsto] & A H 00] ofd g &3tttk &
EE 4908 3yt o] e S AT
int PyType_CheckExact (PyObject *0)
AR 07t B AR ol AW, £EF AA ] A1 Fo] o] w00 ol e NAFUTH 2 RE 49 0L
Aag T o] gt g4 A s
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unsigned int PyType_ClearCache ()
Part of the 27 ABL W3 23] | A1 AL Uth A9 ] el 1 & 933 o)

unsigned long PyType_GetFlags (PyTypeObject *type)
Part of the V3 ABIL type®] tp_flags W E W3St} o] St¢= =& py_LIMITED_API S} S
ARE8E7] §13E A dUth W E S8 2 v E= sho] &l 3 7o) OLW A AR HAFHA, tp flags
AA ol i 8 9 Al 2 Al 2 APL AR 7L o U o,

WA 3200 7}
WA 3404 HA: wEE -2 o)A longo] o}yl unsigned long Yt}
void PyType_Modified (PyTypeObject *type)

Part of the 97 ABL %7} 142 RE AH Fof tf3 R A4 AN E FER Tk B o= R
Bl vlo] s 2 AT 508 54T Tt o A5E B2 oF Tuich

int PyType_HasFeature (PyTypeObject *o, int feature)
B A 07} 7% feamre S AR 00] ohd e ABFUTH B /)5 L B W= Tel 1w BAH
Uk,

int PyType_IS_GC (PyTypeObject *0)
g AN} 8 4270 e A9 £FFL Yow F2 NBFUh AL Y T
Py _TPFLAGS_HAVE_GCE ZAAE YT

—

int PyType_IsSubtype (PyTypeObject *a, PyTypeObject *b)
Part of the 2+ ABL a7} bS] A B & o] FS w33t}

This function only checks for actual subtypes, which means that __subclasscheck__ () is not called on b.
Call PyObject_IsSubclass () to do the same check that issubclass () would do.

PyObject *PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)

wirskzk: A FR. Partofthe +4 ABL 3 AAQ tp_ alloc 28
Wl TR W AUSE AR ool A A2HAE TR B E B

Rb A2 7). shojaef 7]
LE 271319
PyObject *PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject *kwds)
wrEh gk A F 2. Part of the F7 ABL & AR tp new &F S 93 ¥ X g]7]. 89 tp_alloc
$58 AETol Al d2E2E BEU,

e

oln
=
NULL

int PyType_Ready (PyTypeObject *type)
Part of the ?+7 ABL & 7§ A& wh2] @y Th i7l§‘r%’ st ZE F AA o thsl °1 A=
SERE TITh o] e o ol ool AT S ST O A A 08 M
95 A ~12 Bl o9 2 AT

Z31:  If some of the base classes implements the GC protocol and the provided type does not include the
Py_TPFLAGS_HAVE_GC in its flags, then the GC protocol will be automatically implemented from its par-
ents. On the contrary, if the type being created does include Py TPFLAGS HAVE_GC in its flags then it must
implement the GC protocol itself by at least implementing the tp_t raverse handle.

PyObject *PyType_GetName (PyTypeObject *type)
ke zk: A 2. Part of the 9H7 ABI WA 3.11 o] & 2. Return the type’ s name. Equivalent to getting the
type’ s __name___ attribute.

WA 3110 F71.
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PyObject *PyType_GetQualName (PyTypeObject *type)

ek Al FZ. Part of the 9F73 ABI WA 3.11 o] % 2. Return the type’ s qualified name. Equivalent to
getting the type’ s ___qualname___ attribute.

WA 3119 F71.
void *PyType_GetSlot (PyTypeObject *type, int slot)
Partof the V7 ABI W Z 3.4 o] 382, AAH &F o AZH & LA EE w3ttt} 277k NuLLo| ¥
S50 NULLO AL B 7 § 314 S ) B 525 98-S et 32 dados
FEEEEEREEE T B P
slot QA2}FS] 7153k ZH- PyType_Slot.slot 2 FRIAA L.
WA 340 7}
WA 31094 W A: PyType GetSlot () can now accept all types. Previously, it was limited to heap types.
PyObject *PyType_GetModule (PyTypeObject *type)
Part of the ¢+7 ABL ¥ A 3.10 )& &, PyType FromModuleAndSpec () & At-&35lo] €& wE o %
49 Y3 BAH 2 E A4S WEg o
Fo17 Y7 AR}A EEo] §1.2W, TypeErrorE A4 343l NULL-S #HaHgh o},
o) ot YWAoR WAES FH RES AA2E 0 ALY
PyType_GetModule (Py_TYPE (self)) = 9 &3} @ﬂ% w3l R] oF
Py_TYPE (self) = o3l Fexo B Zg2d 4 otq, PR
22 REANFYE AL obdUth WA =5 HYot= S AE d2 8 pycMethodE TR A L.
PyCMethod& A28 4 Q= A9 = PyType_ GetModuleByDef ()5 ZAxsHA 8.

W 3.9¢ 7%
void *PyType_GetModuleState (PyTypeObject *type)

Part of the SV ABI WA 310 o] 3 2. Fo|A Y &4
PyType_GetModule () A3}ol| PyModule_GetState ()& &

FoX PR Add BE°] fleH, TypeErrorE A48 NULLS RF3HU T
nypeol] AFH RE o] YA T AE] 7 NULL o] W, | 9 & A 3HA] 98l NULLS RHEHEU o
# 2 3.90] F7}.
PyObject *PyType_GetModuleByDef (PyTypeObject *type, struct PyModuleDef *def)
Find the first superclass whose module was created from the given PyModuleDef def, and return that module.
B2ES FS 5 1o, TypeError & DA A 7] 2 NULLS RESHEU T

This function is intended to be used together with PyModule GetState () to get module state from slot

methods (such as tp_init or nb_add) and other places where a method’ s defining class cannot be passed
using the PyCMet hod calling convention.

WA 3110 7}

8.1.
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Fol T2AE 9 9L Es o A g T,

PyObject *PyType_FromModuleAndSpec (Py0Object *module, PyType_Spec *spec, PyObject *bases)
wkskzk: A . Part of the 9+ ABI WA 3.10 o] & 2. Creates and returns a heap type from the spec
(Py_TPFLAGS_HEAPTYPE).
Mol Bel 8 AR S ol buses AAE AL S Gch St Bohs i el ne) FEL S
A5 Y Th bases7} NULL ©] |, Py_tp_bases &3 ©] t) 4l AH&-FH UTh 1 =3 NULL O] ¥, Py_p_base &3 ©|
940 AHE U T 1 ESFNULL O, Al B2 object ol A 3HEE Ut
module A= A Fe 27 B D BES 71 S3hE o] AHEF 4 9EUTh BE A NULLe]of of §
Ytk NULLO] ofUH, B2 A F3 Ad=H Yzl PyType GetModule () 2 7FAE& 5 dFUTh
AdH BE2 AME Feaol AEHA dFUth 24 e 2ol thsl 7AE A o= 2 s oF Tt
ol Fe MEL Foll PyType Ready () & EEFUTH
WA 390 =71

A 3.109 4] *H 7 : The function now accepts a single class as the bases argument and NULL as the tp_doc
slot.

rr

o
o
o,
4>

PyObject *PyType_FromSpecWithBases (PyType_Spec *spec, PyObject *bases)
vl 3} 7} A F = Part of the 9FA ABI ® A 33 o % &, Equivalent to
PyType_FromModuleAndSpec (NULL, spec, bases).
WA 3300 =71

PyObject *PyType_FromSpec (PyType_Spec *spec)
w7k Al ZZ. Part of the 9+%) ABL Equivalent to PyType_FromSpecWithBases (spec, NULL).
type PyType_Spec
Part of the V7 ABI (including all members). & 2] P52 A o] 3t= L ZA.
const char *PyType_Spec.name
g ol o] &, PyTypeObject . tp_names A dl+= o AHEE YT

int PyType_Spec.basicsize

int PyType_Spec.itemsize
Size of the instance in bytes, used to set PyTypeObject.tp_basicsize and PyTypeObject.
tp_itemsize.

int PyType_Spec.flags
8 Z 1, PyTypeObject.tp _flagss AR o AAEH Yt
Py_TPFLAGS_HEAPTYPE Z #1217} AT o] YA ¢ oW, PyType FromSpecWithBases () 7}
Asoz FHa1E AP FYTH

PyType_Slot *PyType_Spec.slots
PyType_sSlot FZA°] W4. 5 EXZ3 {0, NULL}ol o3 FZH Yt

type PyType_Slot
Part of the 27 ABI (including all members). 2 AH A 7158 Ao st= FZ2A, £F 1D} L T AHE

g

int PyType_Slot.slot
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<Z1D.
£EF IDE XA PyTypeObject PyNumberMethods, PySequenceMethods,
PyMapplngMethods PyAsyncMethods o HE o]Z29 py_ HFAE 29 o]E 2

AUt S &

e PyTypeObject.tp_deallocs AAS=Py_tp_dealloc

e PyNumberMethods.nb_addg 473+ Py_nb_add

e PySequenceMethods.sq_lengthS A% dF+=Py_sq_length
The following fields cannot be set at all using Py Type_Spec and PyType_Slot:

e tp_dict

e tp_mro

e tp_cache

e tp_subclasses

e tp_weaklist

e tp_vectorcall

e tp_weaklistoffset (see PyMemberDef)

e tp_dictoffset (see PyMemberDef)

e tp_vectorcall_offset (see PyMemberDef)

AR ZHEZ N =Py _tp_basesUpPy_tp_based Q3= 2o £A7LE & AFY
o} EAE 93 W, WAl PyType FromSpecWithBases () & bases A AFS /\]-% A
Al L.
WA 3904 HA: PyBufferProcs-/] 2L ASE Y= AP A A S 4= 5T}
WA 31194 WHA: bf _getbufferand bf_releasebuffer are now available under the limited
API.
void *PyType_Slot.pfunc
E£x9] ot g UTh tEE o] 22 ol st =AE Py th

Slots other than Py_ tp_doc may not be NULL.

8.1.2 None ZHZ|

Noneol| gt Py Typeobject 3Fo] {/C APIO| A A =E5 4] ¢f5 Ut None2 Aa=0°]7]l wi&ol (C
oA ==F A& A) A otol B E] & HAFSH= A2 SR T 22 ©]-F 2 PyNone_Check () &7}
stk
PyObject *Py_None
The Python None object, denoting lack of value. This object has no methods. It needs to be treated just like any
other object with respect to reference counts.
Py_RETURN_NONE

Properly handle returning Py_ None from within a C function (that is, increment the reference count of None and
return it.)
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RE AL =999 779 “long” A4 AAZ FAFH U]
o2 Al, B H-E2) PyLong As* APIE 5249k 1Y £ gl (return type)-1& WAFYTL T4 L
A A PyErr Occurred ()& A3 Al L
type PyLongObject
Part of the A| S+ API (as an opaque struct). ©] PyObjecte] A H L2 glo]H A4 AA & LJep P}
PyTypeObject PyLong_Type
Part of the °+7 ABL. ©] PyTypeObject QIAR A= hol 2 A S UERY U T o] A2 slo] A A Z9
int & 22 AA Pt
int PyLong_Check (PyObject *p)
27} PyLongObject O\ PyLongObjecte] A H oA & vttt o] &4+ P4 4537
ek,
int PyLong_CheckExact (PyObject *p)
AAF7} PyLongObject O] AR PyLongObject o] A H Fo] opy ™ 3 whahtynt. o] e F4
4EdTh
PyObject *PyLong_FromLong (long v)
vkt gk A ZZ. Part of the 9+ ABL v25-E] M| PyLongObject AA|E ¥F3+stA Y, A 9 3Hd NULL
< wakgh o
AR L3 -59} 256 ALo] 9 E% g 5ol o 3h

B4 AR WAL fAFUT o Welol Ik A5 E
T P A ey

PyObject *PyLong_FromUnsignedLong (unsigned long v)
Wksk gk A FZ. Part of the QH ABL Cunsigned long2ZHE A] PyLongObject A& WH3ts}
A, A9 s NULL S WU o)

PyObject *PyLong_FromSsize_t (Py_ssize_tV)
WSk Zk: A B . Part of the 9V ABL C Py_ssize tZKE A PyLongObject AAE W33 A L,
A3 3 NULL-S ¥HEHeh o)

PyObject *PyLong_FromSize_t (size_tV)
Ve 7k Al ZZ. Part of the 9 ABL C size_t ZFE] A PyLongObject A& WFEHel 7 U, A 9 3}
W NULL-S HHHshy o

PyObject *PyLong_FromLongLong (long long v)
vtk zk: A . Part of the H4 ABIL C long long 2 ZXE A PyLongObject A& ¥133 AL
9} 3t NULL-S WHEHgh T}

PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)
wrEZk: A ZHZ. Part of the 9+% ABL C unsigned long long 2 ZHE A PyLongObject BAAE
ukeke 7)1, Ao ah e NULL-S WU Tk

PyObject *PyLong_FromDouble (double v)
wkELZk: Al 2. Part of the 9F7 ABL ve] A BB o 2 BE] A PyLongObject AAE W335t A L,
A5 3 NULL-S W3 o

N
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PyObject *PyLong_FromString (const char *str, char **pend, int base)

WkEkgk: A FZ. Part of the 9+ ABIL Return anew PyLongOb ject based on the string value in str, which is
interpreted according to the radix in base. If pend is non-NULL, *pend will point to the first character in st which
follows the representation of the number. If base is O, str is interpreted using the integers definition; in this case,
leading zeros in a non-zero decimal number raises a ValueError. If base is not 0, it must be between 2 and
36, inclusive. Leading spaces and single underscores after a base specifier and between digits are ignored. If there
are no digits, ValueError will be raised.

© B7]:

Python methods int.to_bytes () and int.from_bytes () to convert a PyLongObject to/from an
array of bytes in base 256. You can call those from C using PyObject_CallMethod ().

PyObject *PyLong_FromUnicodeObject (P\'Object *u, int base)
WSk zh: A Z2. BEAG woll = U T E Ao AJAAE sho] W Ao g Mgy
B A 3.30]] 7}

PyObject *PyLong_FromVoidPtr (void *p)
Wk A R Part of the <F7 ABL ZQlE] p2 R E vlo]
PyLong AsVoidPtr () S AFR3l] A3Fgkol A 23 4 &5 th

£

\ﬂ_

i
f

Y,

el
ro,
vl
NS
flo

2~
e

long PyLong_AsLong (PyObject *obj)
Part of the 7 ABL obj2] C long 8-S ¥F3stU T} obj7} PyLongObject®] A2EH A7) ol ™,
(QohA) WA __index () WA EE 3E3} PyLongObject & WM T

0bj9] Zke] longe] W& WMol overflowErrorE WA A Y Th

gl Al -1 WUtk R3S A ASIEI ™ PyErr Occurred () S AFE A A £
WA 380 WA AT S oW index () B AR FUTH

W A 3.109)| A ¥ 7 : This function will no longer use __int__ ().

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)
Part of the 7 ABL obj2] C long 82 ¥F33HU T obj 7} PyLongObject] AX2EH A7) ol ™,
(Qhe) WA __index_ () MIAEE 553} PyLongObject & W)

obj 2] Zko] LONG_MAX BT} 2 AU LONG_MINKX T} 2L W, *overflow s Z+2zF 10|y -1 2 A A3} -1
= WHE U Th 28] oW, foverflowE 0 2 &2 A3t thE o] 7 BB S *overflowE 0 02
AT -1 2 B4} 2ol BT T

o2 A] —1& w3} %1—1/]1:} ESAE AASHEY PyErr_Occurred ()& AFE3II Al &
WA 380 MA: AFR S 4910 index () E A FYTE
B A 3.1000 A H 75‘ : This function will no longer use __int__ ().

long long PyLong_AsLongLong (PyObject *obj)

Partofthe 4 ABL 0bj2] C long long B£8E Wit th obj7} PyLongObject ] Q1B A7} opby
A, (k) WA __index_ () WMINEE Z&3+Y PyLongObject Z HEF T

0bj2] 3%°] long long9 ‘?-?4’4% B oj U} overflowError 2 WA Al 7 U th
gl Al -1 w3tk R3S A ASE ™ PyErr Occurred () S AHE A L
WHWA38ANA HA: AFRE 4 9o index () & AU TH

H A 3.109)| A ¥ 7 : This function will no longer use __int__ ().
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long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)
Part of the 2+73 ABL 0bj9] C long long 282 983Ut} obj7} PyLongObject ] AA2EH A7} oY
A, (AhH) WA __index_ () WINEE $&3}9 PyLongObject & WS}

0bj2] gko] LLONG_MAX R T} 2 71} LLONG_MINK T} 2+ W #overflowS 2}zt 10U -1 2 A4l -
< WY th; 28 A oW, foverflowE 022 A A3l tfE o9 7} oy g3t *overflows 0.2
’27@5}1 1< Eéiﬁ‘r Zol ‘E‘J%‘ri}q t}.

o 2] A] - g} 2 S A A E PyErr_Occurred () & AFE3HA Al 2.
H 3.201] 7}
W 38014 W7 A8 5 glew  index_ () 8 AT

W A 3.109)| A ¥ 7 : This function will no longer use __int__ ().
Py_ssize_tPyLong_AsSsize_t (PyObject *pylong)
Part of the A ABL pylong®] C Py_ssize t BHE 933Ut} pylong-S PyLongObject®] QAA2H
2ofof ety
pylong®) gxol Py_ssize t H9E HolUH overflowErrorg HA A Z YTt
o Al —1& udE Ut B3 AL A A Y PyvErr Occurred ()& A-E3HA AL
unsigned long PyLong_AsUnsignedLong (PyObject *pylong)
Part of the 2+7J ABI. pylong®] Cunsigned long -2 Wr33tU T} pylongS PyLongObject?] A2
Hofof ghu ot
pylong®] gkol unsigned long®] HWHE HojUW OverflowErrorg HAA YT

o #] A] (unsigned long) -1 WEStUth RS A A A PyErr _Occurred ()& AF&3HA]
AlL.

size_t PyLong_AsSize_t (PyObject *pylong)
Part of the V4 ABL pylong2] C size_t B3 WtEgU Tt} pylong2 PyLongObject ] Q1B Ao of
Fuch.

pylong®] kol size_t ] M E HlojUd OverflowError& WA Z YT}
of| & Al (size_t)-1& ¥3dUth RS2 A ASte W PyErr Occurred ()5 ARSI Al 2.
unsigned long long PyLong_AsUnsignedLongLong (PyObject *pylong)

Part of the F% ABL  pylong®] C unsigned long long EH S Y& Yol pylong S
PyLongObject®] QlAaE Ao of gt

pylong®] Fk°] unsigned long long? W E HlojUd overflowErrorS WA A A YTh

o 2] A] (unsigned long long)-1& WIagtUch B3 AES A ASE W PyErr Occurred ()&
e YA L.

B8 31014 W73: 22 pylong ©)A] TypeRrror 7k oh ek overflowerror & AN Yk

unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)
Part of the S+ ABL. 0bj2] Cunsigned long L ¥ISSHU T} obj 7} PyLongObject ] QAAAH A7}
obU ™, (AthH) WA __index () WINEE 5239 PyLlongobject® HEFTh

0bj9] Fko]l unsigned long® WS Holubd, 1 719 W E R ULONG_MAX + 1 3L wistdhch

o8] Al (unsigned long)-12 ¥ttt RS A2 A ASHE A PyErr_Occurred () S AFR3HA
Al 2.

WA 380 A AFEE ¢ Qe index () AR EYTH

H A 3.109) A ¥ 7 : This function will no longer use __int__ ().

N
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unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)
Part of the 4 ABL 0bj2] C unsigned long long _.—i@ S W3y ). obj 7} PyLongObject®] Q1
2827 o™, (QubE) WA _ index_ () WM EES %39 PyLongobject 2 W3}

obj°] grol unsigned long long® HWHE oy, I e £EE ULLONG_MAX + 1 SgS v
U

o 2] A] (unsigned long long)-1& WUt RS AES A ASIE Y PyErr Occurred ()&
AHSBHA Al L.

WA 384 HA: AL = J oW __index () & AHSEEUTH
¥ A 3.109)| A *H 7 : This function will no longer use __int__ ().

double PyLong_AsDouble (PyObject *pylong)
Part of the 4 ABL. pylong2] C double &
o,
pylong @] Zko] double o HYE Hlo] L} OverflowErrorE WA Al 7 U th
o Al -1.0& WYL RS AS A AWM PyErr_Occurred ()& AHE3HH AL
void *PyLong_AsVoidPtr (PyObject *pylong)

Part of the 27 ABL 3}o]® @przgnga Cvoid ZOE & W3 Th pylonge W3 4 glow
OverflowError 7} AUt} o] AL PyLong FromVoidPtr () 2 THEo] 2 Zholl thaf A 2t A
T A= void ZJAHE A4t 2o E”%“%D‘r

o3 Al NnULL S WU B2 S A A ™ PyErr Occurred ()& AHESHIAI L

S W3 Ut} pylong& PyLongObject?] QlAE A o] of

8.22 Ec|H A

Booleans in Python are implemented as a subclass of integers. There are only two booleans, Py_False and Py_True.
As such, the normal creation and deletion functions don’ t apply to booleans. The following macros are available, however.

PyTypeObject PyBool_Type

Part of the Q+73 ABI. This instance of Py TypeOb ject represents the Python boolean type; it is the same object
as bool in the Python layer.

int PyBool_Check (PyObject *0)
o7} PyBool Type @Ol FZ FelFUth o] v T4 43Itk
PyObject *Py_False

The Python False object. This object has no methods. It needs to be treated just like any other object with
respect to reference counts.

PyObject *Py_True

The Python True object. This object has no methods. It needs to be treated just like any other object with respect
to reference counts.

Py_RETURN_FALSE

Return Py_False from a function, properly incrementing its reference count.
Py_RETURN_TRUE

Return Py_ True from a function, properly incrementing its reference count.
PyObject *PyBool_FromLong (long v)

WkSL 2k Al 2Z. Part of the 9+7d ABI. Return a new reference to Py_True or Py_False depending on the
truth value of v.
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8.2.3 Floating Point Objects

type PyFloatObject
This subtype of PyObject represents a Python floating point object.

PyTypeObject PyFloat_Type
Part of the 2+7J ABIL. This instance of Py TypeObject represents the Python floating point type. This is the
same object as f£1oat in the Python layer.

int PyFloat_Check (PyObject *p)
1R} 7} PyFloatObject W PyFloatObject® Al H 3 o]
U,

int PyFloat_CheckExact (PyObject *p)
AAZ} PyFloatObject Q) ARk PyFloatObjectd] A B §2 ofUd g W&yt o] e F4
gt

PyObject *PyFloat_FromString (PyObject *str)
wrE gk A ZHZ. Part of the 4 ABL stro] 214 32 7|WHO & pyFloatObject A E WHE AL,
Al9) 5}H NULL.

PyObject *PyFloat_FromDouble (double v)
wisk gk A 2=, Part of the 9+ ABL vEX¥] PyFloatObject AR S W5 AL}, 43 NULL.

u=)
i)
filo
i)
T,
it
%
<
=
o
%
4
rr
otk
ox
o,
ol
i)

double PyFloat_AsDouble (PyObject *pyfloat)
Part of the °+%] ABI. Return a C double representation of the contents of pyfloat. If pyfloat is not a Python

floating point object but hasa _ float__ () method, this method will first be called to convert pyfloat into a
float. If _ float__ () is not defined then it falls back to __index__ (). This method returns —1 .0 upon
failure, so one should call PyErr Occurred () to check for errors.

W38 HA: AFET 4 O™ index_ () EAHSEYTH

double PyFloat_AS_DOUBLE (PyObject *pyfloat)
ol & AL gle] pyfloar ©] H-8-2] Cdouble % ¥ BHEH T}
PyObject *PyFloat_GetInfo (void)
e 7k Al 22, Part of the 273 ABL float®] F U=, 4=k, Ao &3t
AAEAE EHEZUYLE 9 31Y float . hE 71’*}‘; o EH«H duch
double PyFloat_GetMax ()
Part of the 2+ ABL H o) 38 7}5 3+ 83} float DBL_MAXE C double & ¥F3F3h o},

ox,

B E 233t structseq

double PyFloat_GetMin ()
Part of the $+7 ABL. & 4 A 73}9 (normalized) 9] float DBL_MINE C double & ®WH3Fg T}

Pack and Unpack functions

The pack and unpack functions provide an efficient platform-independent way to store floating-point values as byte strings.
The Pack routines produce a bytes string from a C double, and the Unpack routines produce a C double from such
a bytes string. The suffix (2, 4 or 8) specifies the number of bytes in the bytes string.

On platforms that appear to use IEEE 754 formats these functions work by copying bits. On other platforms, the 2-byte
format is identical to the IEEE 754 binary16 half-precision format, the 4-byte format (32-bit) is identical to the IEEE
754 binary32 single precision format, and the 8-byte format to the IEEE 754 binary64 double precision format, although
the packing of INFs and NaNs (if such things exist on the platform) isn’ t handled correctly, and attempting to unpack a
bytes string containing an IEEE INF or NaN will raise an exception.
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On non-IEEE platforms with more precision, or larger dynamic range, than IEEE 754 supports, not all values can be
packed; on non-IEEE platforms with less precision, or smaller dynamic range, not all values can be unpacked. What
happens in such cases is partly accidental (alas).

HA 3119 7).

Pack functions

The pack routines write 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if you want the bytes string in
little-endian format (exponent last, at p+1, p+3, or p+6 p+7), zero if you want big-endian format (exponent first, at p).
The PY_BIG_ENDIAN constant can be used to use the native endian: it is equal to 1 on big endian processor, or O on
little endian processor.

Return value: 0 if all is OK, —1 if error (and an exception is set, most likely OverflowError).
There are two problems on non-IEEE platforms:

o What this does is undefined if x is a NaN or infinity.

e« —0.0 and +0 . 0 produce the same bytes string.

int PyFloat_Pack2 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary16 half-precision format.

int PyFloat_Pack4 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary32 single precision format.

int PyFloat_Pack8 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary64 double precision format.

Unpack functions

The unpack routines read 2, 4 or 8 bytes, starting at p. leis an int argument, non-zero if the bytes string is in little-endian
format (exponent last, at p+1, p+3 or p+6 and p+7), zero if big-endian (exponent first, at p). The PY_BIG_ENDIAN
constant can be used to use the native endian: it is equal to 1 on big endian processor, or 0O on little endian processor.

Return value: The unpacked double. On error, thisis =1 . 0 and PyErr_Occurred () is true (and an exception is set,
most likely OverflowError).

Note that on a non-IEEE platform this will refuse to unpack a bytes string that represents a NaN or infinity.

double PyFloat_Unpack2 (const unsigned char *p, int le)
Unpack the IEEE 754 binary16 half-precision format as a C double.

double PyFloat_Unpack4 (const unsigned char *p, int le)
Unpack the IEEE 754 binary32 single precision format as a C double.

double PyFloat_Unpack8 (const unsigned char *p, int le)
Unpack the IEEE 754 binary64 double precision format as a C double.
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8.2.4 =A% Ay

sho] W o] B a4 ARE CAPIYA 2o 7 49 the g0z TAF Uk shbe stold =2 ado] =59
o4 Al 11, CFE Sohie A4 At g8 FeIUe C 72 AL th APLE 2 71 555 41 =
e T4E AlB T

ZHZEM SAa

) Hp = o] e A S Lolsol AR NSt g s £UHE T Rz EdE o=
THE U th o]+ APL AA o A G Yt
type Py_complex

The C structure which corresponds to the value portion of a Python complex number object. Most of the functions
for dealing with complex number objects use structures of this type as input or output values, as appropriate. It is
defined as:

typedef struct {
double real;
double imag;
} Py_complex;

Py_complex _Py_c_sum (Py_complex left, Py_complex right)

CPy complex BHL AL 30] F B 449 32 uksishyth
Py_complex _Py_c_diff (Py_complex left, Py_complex right)

C Py _complex @5 AHESto] 7 Hago] Aol & vk th
Py_complex _Py_c_neg (Py_complex num)

C Py complex 285 AHESto] B4 ume] 29 3t& W&o
Py_complex _Py_c_prod (Py_complex left, Py_complex right)

C Py complex 283 AHESto] 7 R 55 eyt
Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)

C Py complex 2@ AHESIo] 7 Haso RS whakeyrt

divisor 7} null 0] 9, o] Bl A == 0L ¥I8 6l 1, errnoS EDOMC 2 A A3 T}
Py_complex _Py_c_pow (Py_complex num, Py_complex exp)

CPy complex AL A3t num) exp A5 A 32 wkshy o}

num ©] null ©] 31 exp 7} 2] A4=7F of Y, o] WA =& 02 WHEHSlal errnoE EDOMO 2 A A g o)

TIO|M ZR =AM BA%

type PyComplexObject
vpold Hag AAE YE = Pyobjectd] A H .
PyTypeObject PyComplex_Type
Part of the V4 ABL 9] PyTypeObject A2H A= &
complex &} & A U th
int PyComplex_Check (PyObject *p)
012} 7} PyComplexObject W PyComplexObject?] A H & o]

S A Cs

245 G2 ek stold A% e

L
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we
filo

ME G o] G5t 34
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int PyComplex_CheckExact (PyObject *p)
QI A7} PyComplexObject O] A W, PyComplexObject?] A H §3 o] olyd & wkaght}). o]
e T AATEYLH
PyObject *PyComplex_FromCComplex (Py_complex v)
wk3kzk: A ZZ. Create a new Python complex number object from a C Py._compex value.
PyObject *PyComplex_FromDoubles (double real, double imag)
Wkt gk A 22, Part of the QH7 ABL Return a new PyComplexObject object from real and imag.

double PyComplex_RealAsDouble (PyObject *op)

Part of the Q4 ABIL op®] A48 E C double E W3St}
double PyComplex_ImagAsDouble (PyObject *op)

Part of the 4 ABL opd] &5 5 C double E W3S T}
Py_complex PyComplex_AsCComplex (PyObject *op)

E2g 0pol Py_complex Fh& R

If op is not a Python complex number object but has a _ _complex__ () method, this method will first be
called to convert op to a Python complex number object. If __complex__ () is not defined then it falls back
to__ _float_ (). If _ float__ () is not defined then it falls back to __index__ (). Upon failure, this

method returns —1 . 0 as a real value.

WA 38004 WA ST S AThE __index_ () B AU

A
o2

Az AR o e QWA AL o A Fol A = WEUTh o] Aol At sho] Al ofo T3
5o Ada AAE e,

o] 452 vl = e w7} W47t B d ) vio|E o] opd v/} W4 R 561 Typerrror & WA

type PyBytesObject
o] pyObject®] A H &L stold vlo]EF AAE YERY YT

PyTypeObject PyBytes_Type
Part of the Q-7 ABL. o] PyTypeObject?] QAT A E vt vlo| EE & vEp Ut sho] A A 59
bytes2} 22 AA Yyt

int PyBytes_Check (PyObject *0)
AA o7} vpo] E A AA| o] ALt Hio] EQD P o HH Fo i Fa vhaAd Yt o] e F4
4y

int PyBytes_CheckExact (PyObject *0)
A 07} kol = AR o] A g, wlo] G GO A2 P AT AL oW FS MBI o] FoE
T AAFEUTh

PyObject *PyBytes_FromString (const char *v)
wisk gk A 2R, Part of the ©+7 ABL A-239 %}:0 Z v EAGY BALR S Zt= A vlo]|EY AA =
ukalat 2, A9 S NULL-S 9kskahu o). v 7)) ¥4y NULL o] ofu] of of zm o AARSHA ek U T
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PyObject *PyBytes_FromStringAndSize (const char *v, Py_ssize_tlen)

Wksk gk Al 22, Part of the 9+ ABL A 3-89 Zhol v x4 9 EA}HO]

AA & wkehetal, A3 st NULL =
et

PyObject *PyBytes_FromFormat (const char *format, ...
WkSkgk: A ZZ. Part of the 9+ ABL C printf ()
A3} sl R wkol £ AR <] 217]§ A ek 1 o] ghol
A2F= C Fol o oF 31 formar FAL Ol Q= TH EAES A E
BAE e H 25U

Whehehy ok v7h NULL o] '

)

Z o] 7 len?l A} vlo]E A
Hlo] EE AA ] W82 27315 7

ek format BAFAT} A A5 9] QA4S WolA,
9 o] =

AAE MFF U 7pd
3 g3 oF ik 585 & 29

T = A

EEdE B |

%% n/a HEE % EA}.

%C int g vlolE,CintE2 TAF Uk

sd int printf ( "Qd" o} s FYt!

$u unsigned int printf ("su") &} S5t

$1d long printf (" /ld") & =53 rt!

$1lu unsigned long | printf ("s1lu") 2} S5 }!

$zd Py_ssize_t | printf ("$zd") &} 53 ct!

$zu size_t printf ("szu") & =53 c}!

%1 int printf("%l") 2 553}t

$x int prlntf ("sx") 2} =53t

$s const char* 9235 CEXujd.

%p const void* CxoHY 1674 2. Z:WZ printf7} oJH 235 YE=2] 9
Aolo] 2E e 0x 2 Al eo] RAH L AL A St A2
printf("sp") & FSHUTH

A4 4 g 2o BAE £ 2ARY) uA] REo] F A3 ARl 2oi2 BAs A BED,
27} QAA1E =AU o,

PyObject *PyBytes_FromFormatV (const char *format, va_list vargs)
uk 37k Part of the VA ABL A &3] F
PyBytes_FromFormat ()3 2%ttt

=

PyObject *PyBytes_FromObject (PyObject *0)
BkSh g2k A BZE. Part of the €17 ABL W3 22 EF

o
=

Py_ssize_t PyBytes_Size (PyObject *0)
Part of the ©+7 ABL H}o]E A 21 A] 02] Z o] S uk3}

3}
H

Y.

Py _ssize_t PyBytes_GET_SIZE (PyObject *0)
PyBytes_Size ()& FAFSA T ol & AAL 9l
char *PyBytes_AsString (PyObject *0)
Part of the °+7 ABIL 09] W &of tj3l =

e,

O] & v d Yt} Z OB = len (o)

Aol AxE Herie AL AL snE
s A 09] vjol = Q EAL WBF UL,

+ 1ulolER 74

0] WH W £ 7He Ytk ¥ #H | vpA e vfo] EE thE d (null) Hlo] E 7} Qe Aol #A o] T4

ddUt} AA| 7 PyBytes_FromStringAndSize (NULL,

oL Hlel B & £ 5IA & o gyt FL AA AL 2

T v H

size) B AFgalo] B W0l A A7)

Ut} o7} vlo] EE A A 7} o} W,

PyBytes_AsString ()< NULLE W83} al TypeErrorE WA Al U Th
char *PyBytes_AS_STRING (PyObject *string)
PyBytes_AsString ()2} FAFSHA gL ol 2] AAZ glE U T

A% pk

A1 QA (d, u, 1d, u, zd, zu, i, x) ol A : - Z 2= A
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int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
Part of the <+7 ABL. &3 WH buffer 2} length® A A objo] B-F 8 Y& vtastyc}h AZ3sH 02
WEF o
length 7 NULL o] |, vhol £ A7 £ 4 d wol E & 2 4 gt WoF 1 ThE Bt 1
L ul3l6t 7 valueErrorS 2 A U T}
buffer= obje) U #1318 712171 A 520, 201 7  vho] £ 7} 2 8 1 (engrhel £ 2315 4
SUrth. AA|7FPyBytes_FromStringAndSize (NULL, size) & AFR3S] W2 WtE5o] R A9
S Hlol B § S A AE @ H Tk $EE AANAL & AT o7t vhol = A7 ok
PyBytes_AsStringAndSize ()& -1& H]-ﬁ]-O}_]_ TypeErrorS A A Yt}
WA 35004 WA ol H o, wpo = Aol W who] £/} E 3] of 910 W Typemrror 7k LA
e,
void PyBytes_Concat (PyObject **bytes, PyObject ¥*newpart)
Part of the 7% ABI. bytes©l| newpart2] W& GE < A vlo]|E Y AAE *bhytesol] 5
A F2E 2F T byes] o 2 gholl @ A2 2 FHUTH A A7 7} HE0] 2
EH?E "4]}4 T AR W B A L *bytes®] - NULLE AR FUth A4S &7 42
void PyBytes_ConcatAndDel (PyObject **bytes, PyObject ¥newpart)
Part of the 2173 ABL bytes©l newpart®] W22 Gl &£ A vlo]|E Y AR E *byteso]] W5 U T} o] AL
newpart 28] 745k I 2 E A FUTH (S Fx AFE #F2A P UD.

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)

11|>

A way to resize a bytes object even though it is “immutable” . Only use this to build up a brand new bytes object;
don’ t use this if the bytes may already be known in other parts of the code. It is an error to call this function if
the refcount on the input bytes object is not one. Pass the address of an existing bytes object as an lvalue (it may
be written into), and the new size desired. On success, *byfes holds the resized bytes object and O is returned;
the address in *bytes may differ from its input value. If the reallocation fails, the original bytes object at *byres is
deallocated, *bytes is set to NULL, MemoryError is set, and —1 is returned.

8.3.2 HIO|E HHL ZHX|

type PyByteArrayObject
o] pyObject®] A H &2 }o| A bytearray 2 A& LEFY U T
PyTypeObject PyByteArray_Type

Part of the S+7 ABL ©] PyTypeObject A2BEl A& 1lo] 4 bytearray F -2 YEFH U T Sho]l A A&
bytearray} 22 A J Yt

& ZZAloja =z

int PyByteArray_ Check (PyObject *0)
A A 07} bytearray 2] ] ©] 7 L} bytearray 2] A B 3 A" AW 3H-& 923U o] g4 4 AT
ok

int PyByteArray_CheckExact (PyObject *0)

A 07} bytearray 24 Al| o] X 2k, bytearray B 2] A H § A" A= ol d ZS HIEg ) o] 4=
gAY
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X% APl &4

PyObject *PyByteArray_FromObject (PyObject *0)
bk gh: A 2. Part of the QH7 ABL W3 T2 EZ& T3 49 AA (o) ZHE HA AMZ-&
bytearray Z x]] £ =3y E4Yh
PyObject *PyByteArray FromStringAndSize (const char *string, Py_ssize_t len)
WSk Al ZZ. Part of the 9+ ABI Create a new bytearray object from string and its length, len. On failure,
NULL is returned.
PyObject *PyByteArray_Concat (PyObject *a, PyObject *b)
wh2kgk: A ZHZ. Part of the °F7 ABL BFo] E ¥ G a 2} bE ©] o] 2] M| Z-& bytearray & W3 T}
Py_ssize_t PyByteArray_ Size (PyObject *bytearray)
Part of the %+ ABL NULL 21 E1& &3t & bytearray®] 3 71€ g T}
char *PyByteArray_ AsString (P)'Object *bytearray)
Part of the 27 ABL NULL EQE 5 &3t & bytearray 2] W8-S char v & 2 WHEshy o). wh3ls
v Dol = 4 ol d HPOlEﬂ F7H Yo
int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)
Part of the S+7 ABL bytearray®] W5 W32l 3715 leno 2 Z AT Th

rr

3=

olMiAREEEE A HHS A £UHE FAsHA FE T
char *PyByteArray_ AS_STRING (PyObject *bytearray)

PyByteArray AsString ()3 AR T o 21 & AAFSHA] k55U Tk
Py_ssize_t PyByteArray_ GET_SIZE (PyObject *bytearray)

PyByteArray Size () 2k AFStAIRE o 2] S HAFSHA] gb5 Ut

sho] 41 3.30) 4 PEP 393 78 ol %, FULE A& 3402 thpdt DL AL§3he] AR fU=
EA WS AelsteA vme] £84S FAFUTh BE TS EE7} 128,256 65536 1] 9l £4}
Qo t g 58 e 497} Atk 19 W, TE EAEE 1114112 (A fURE 9$)) v ol o] of
Pt

Py _UNICODE* and UTF-8 representations are created on demand and cached in the Unicode object. The
Py_UNICODE* representation is deprecated and inefficient.

Due to the transition between the old APIs and the new APIs, Unicode objects can internally be in two states depending
on how they were created:

« “canonical” Unicode objects are all objects created by a non-deprecated Unicode API. They use the most efficient
representation allowed by the implementation.

e “legacy” Unicode objects have been created through one of the deprecated APIs (typically
PyUnicode FromUnicode ()) and only bear the Py UNICODE* representation; you will have to call
PyUnicode_ READY () on them before calling any other APL
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ZF31: The “legacy” Unicode object will be removed in Python 3.12 with deprecated APIs. All Unicode objects will be
“canonical” since then. See PEP 623 for more information.

L

ku

E

10
og

the2 stol Aol A fUTE 2| A AR fUTE AA F Atk

type Py_UCS4

type Py_UCS2

type Py_UCS1
Part of the ?F7J ABL ©] §52 747} 32U E, 16H E Bl 8H| ES] 2AE 267 ST F3Z
A% W2 918 ypedef YU B FUDE B Al alE, by 00siE AR L
W7 3300 =71

type Py_UNICODE
o] 2L ZHEo et 168 E o] 320 E 2l wchar_t 9] typedef Y YT}
#3300 M W7 o] WA o) A, o] A2 U E A] spo] 2 of “U 2 - (narrow)” L} “2}o] & (wide)” U &
EHA T o= 74 = AE =R ol e} 161 E o] 328 E ol 5yt

type PyYASCIIObject

type PyCompactUnicodeObject

rlr

type PyUnicodeObject

o Pyobject A EL SholH FULE AR E etk A% LE 9o, fyns
APISE 5 E APLRA v oo EelEE Asha e e 40 A8 AL T,

W 3300 7}
PyTypeObject PyUnicode_Type
Part of the 9+7J ABL ©] PyTypeObject AEH 2
strZ == Uth
The APLE WHE AHE £ ST SUTE A4 Q) U3 27 A4 tle]Eo] A A5 o] AR 5 e C
VEEEE EREEES DN
int PyUnicode_Check (PyObject *obj)
A obj7h FUIE ARl ALt SUTLE A8 B Jxbsolw 3 BT o] Rt T4
A3t
int PyUnicode_CheckExact (PyObject *obj)
A3 obj7t U RE AR AT A E W) AxB AT} ol H 2L VBFY T o] Bt B AT
g},
int PyUnicode_READY (PyObject *unicode)

Ensure the string object o is in the “canonical” representation. This is required before using any of the access
macros described below.

i
i

r[r
i)

gtol A FUZE FS YeR U Jto]A F =0

Returns 0 on success and —1 with an exception set on failure, which in particular happens if memory allocation
fails.

B A 3.30]] 7}

HA 31094 FAAFHAF5UDH HA 3124 A A Yth: This APl will be removed with
PyUnicode_FromUnicode ().
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Py_ssize_t PyUnicode_GET_LENGTH ( PyObject *unicode)
FUIE Exde do]E& FE ZQE F ukssh th unicode= “F8 A (canonical)” 39 FUFZ =
A7 o} oF Ttk (ARSI b4,
WA 3.3 F7}

Py _UCSI *PyUnicode_1BYTE_DATA (PyObject *unicode)

Py_UCS2 *PyUnicode_2BYTE_DATA (PyObject *unicode)

Py_UCS4 *PyUnicode_4BYTE_DATA (PyObject *unicode)

Return a pointer to the canonical representation cast to UCS1, UCS2 or UCS4 integer types for direct char-
acter access. No checks are performed if the canonical representation has the correct character size; use
PyUnicode_ KIND () to select the right macro. Make sure PyUnicode READY () has been called before
accessing this.

HZ 330 F7}
PyUnicode_WCHAR_KIND
PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND
PyUnicode KIND () W} 3 22o] kS w3a .
WA 330 7}
WA 3.1000 A F A= g5t ¥ A 3.120 A A AF Yth: PyUnicode WCHAR_KIND is deprecated.

int PyUnicode_KIND (PyObject *unicode)
o U= AR} oo 6 8 A4S o] A5 B4 T o] = 58 UEh = PyUnicode 55 44
& FXSHAHAI L) F stuE vEEU . unicode= “5 8 4 (canonlcal)” B9 FUIZE AA ofoF
Tt (AAFERA ek Th.
B A 3.30] F7}.

void *PyUnicode_DATA (PyObject *unicode)
LA FUZE 859 o3t Void Z OB & w3k t}. unicode= “7* A (canonical)” £ 9 I &
A oA oF Ut (A AFSHA] 55U Th.
WA 339 F7}

void PyUnicode_WRITE (int kind, void *data, Py_ssize_t index, Py_UCS4 value)
7+ *H A (canonical) 3£ ¥ data(PyUnicode DATA () 2 -2 &)l FUth o] 3+ 2373 7 Ab(sanity
checks) & 5514 9o, £zol A A-8317] 98 AU Th TEAE T2 5E 1A AL U2 kind
#F I data ZAE1E WA B oF UL indexE TAFE Y] A9 204 Al &Y o] a1 valuet ks
91 R0l 7] 25 ol of sh= A T 2 AE ghed YTk
H A 330 271

Py_UCS4 PyUnicode_READ (int kind, void *data, Py_ssize_t index)
T+ A (canonical) =& data(PyUnicode DATA()E A2 Z2)oA T= ZAEE AH5 YT AANY
FH] (ready) S Z o] 3= ] 5t
B A 3.30] 7}

Py_UCS4 PyUnicode_READ_CHAR (PyObject *unicode, Py_ssize_t index)
“7+ 3 A (canonical)” 3 & o] o] of Sh=, U T E AR unicode| X FAE H5UTH A8 A% &
433t} PyUnicode READ () BT &4 o] Eol Yt}

W 330 =7}
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Py_UCS4 PyUnicode_MAX_CHAR_VALUE (PyObject *unicode)
“7+ 3 A (canonical)” 3 & ©] o] oF 3=, unicode 5 7|RFO. 2 ThE FAE S WE+
=S VR o[ A FF 2AX o] A w EAL S o] B d o] = T A M
WA 3.30] 7}

Py_ssize_tPyUnicode_GET_SIZE (PyObject *unicode)

Return the size of the deprecated Py_ UNTCODE representation, in code units (this includes surrogate pairs as 2
units). unicode has to be a Unicode object (not checked).

WA 330 4] # A= A5t H A 3.129 A Al A Y th.: Part of the old-style Unicode API, please migrate
tousing PyUnicode_GET _LENGTH().

2

Py_ssize_tPyUnicode_GET_DATA_SIZE (PyObject *unicode)

Return the size of the deprecated Py_ UNTCODE representation in bytes. unicode has to be a Unicode object (not
checked).

WA 330 A H A= 5T H A 31290 A Al A Y th: Part of the old-style Unicode API, please migrate
to using PyUnicode GET_LENGTH ().

Py_UNICODE *PyUnicode_AS_UNICODE (PyObject *unicode)
const char *PyUnicode_AS_DATA (PyObject *unicode)

Return a pointer to a Py_ UNICODE representation of the object. The returned buffer is always terminated with an
extra null code point. It may also contain embedded null code points, which would cause the string to be truncated
when used in most C functions. The AS_DATA form casts the pointer to const char*. The unicode argument
has to be a Unicode object (not checked).

W A 3.3 4] ¥ 7 This function is now inefficient — because in many cases the Py UNTCODE representation
does not exist and needs to be created — and can fail (return NULL with an exception set). Try to port the code to use
the new PyUnicode_nBYTE_DATA () macros or use PyUnicode_WRITE () or PyUnicode READ ().

WA 33004 H A= A5yt H A 3.129 A Al A Y th.: Part of the old-style Unicode API, please migrate
to using the PyUnicode_nBYTE_DATA () family of macros.

int PyUnicode_IsIdentifier (PyObject *unicode)
Part of the <73 ABL 1o} o of wpe} EA G o] RS Aol 12 Wkt oh, Al4d identifiers.
%2 o 0g v YT
WA 39004 |74 F2HE o] FH| (ready) = 2] ¢k gk W, o] &+ U= Py_FatalError ()& S&3t

A syt

FUTEL GFY £4 542 ASFUT 13 A7 22T AL shold PA mekC 5ol 35 &
SEEEEEEEE RS e e

int Py UNICODE_ISSPACE (Py_UCS4 ch)
ch7t 39 FAFQI A of whe} 1 o] 1} 02 WhH Y Th
int Py UNICODE_ISLOWER (Py UCS4 ch)
ch7t 27 A A o mt 1 o] 05 RESHh o}
int Py UNICODE_ISUPPER (Py_UCS4 ch)
ch7} 221 A o] whe} 1 o] 0 Hhehehy o}
int Py UNICODE_ISTITLE (Py UCS4 ch)
ch7} A& Al o] & FA1 A of] whet 1 o] v} 0 ¥hhh o}
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int Py_UNICODE_ISLINEBREAK (Py_UCS4 ch)

ch7t & ¥ E2FAA of whe} 1 0] 02 whEHg T
int Py_UNICODE_ISDECIMAL (Py_ UCS4 ch)

ch7F 1075 A1 A o] whet 1 o] 05 Rk o}
int Py_UNICODE_ISDIGIT (Py_UCS4 ch)

ch7} B Al (digit) ZAF1 A o] whe} 1 0] 0 Wy o}
int Py_UNICODE_ISNUMERIC (Py_UCS4 ch)

ch7} 5= ZF(numeric) ¥ &} 2] of] whe} 1 0]} 02 WFEHgH T}
int Py_UNICODE_ISALPHA (Py_UCS4 ch)

ch7t G3p8l F2F1A]of whe} 1 o]} 02 whHgh Tth
int Py_UNICODE_ISALNUM (Py_UCS4 ch)

ch7t BRAF ZAFAA of whe} 1 o]} 02 whHgh Tth
int Py_UNICODE_ISPRINTABLE (Py UCS4 ch)

Return 1 or 0 depending on whether ch is a printable character. Nonprintable characters are those characters
defined in the Unicode character database as “Other” or “Separator”, excepting the ASCII space (0x20) which
is considered printable. (Note that printable characters in this context are those which should not be escaped
when repr () is invoked on a string. It has no bearing on the handling of strings written to sys.stdout or
sys.stderr.)

Thg APLE WHE A7 £ v ge] A8 5 ATk
Py_UCS4 Py_UNICODE_TOLOWER (Py_UCS4 ch)
SR Wb A chE U T
¥ A 3.35 ¥ 9 2] F : This function uses simple case mappings.
Py_UCS4 Py_UNICODE_TOUPPER (Py_ UCS4 ch)
Atz Ak 2} ch s gy
¥ A 3.35 5 7 x| = : This function uses simple case mappings.
Py_UCS4 Py_UNICODE_TOTITLE (Py_UCS4 ch)
AL Ao~z WEE 2t ch s REH o
¥ A 3.35 €] 5| X| 2 : This function uses simple case mappings.
int Py UNICODE_TODECIMAL (Py_UCS4 ch)
Return the character ch converted to a decimal positive integer. Return —1 if this is not possible. This macro does
not raise exceptions.
int Py_UNICODE_TODIGIT (Py UCS4 ch)
Return the character ch converted to a single digit integer. Return -1 if this is not possible. This macro does not
raise exceptions.
double Py_UNICODE_TONUMERIC (Py UCS4 ch)

Return the character ch converted to a double. Return —1. 0 if this is not possible. This macro does not raise
exceptions.

ThS APIE A}&3lo] A EA 0] EE & 4 95Ut
Py_UNICODE_IS_SURROGATE (ch)
ch7} A 2 A o) E Q1A g1t} (0xD800 <= ch <= 0xDFFF).
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Py_UNICODE_IS_HIGH_SURROGATE (ch)
ch7} A8 A ZA o] EQIA] Eelg ) (0xD800 <= ch <= 0xDBFF).

Py UNICODE_IS_LOW_SURROGATE (ch)
ch7} 319 A ZA o] EQIA] EQlg ) (0xDCOO <= ch <= 0xDFFF).

Py_UNICODE_JOIN_SURROGATES (high, low)

Join two surrogate characters and return a single Py_UCS4 value. high and low are respectively the leading and
trailing surrogates in a surrogate pair.

FURE AAE 53 718 AD2 G400 A2 8hel W b APLE AHE-3H41 4] 2

PyObject *PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)

R A 2 Al FURE AAE 5 YT maxchar-& FAE 0 M XS AA Ho] ZE ZAE ofof
Sy th 2ARREC 2, 127, 255, 65535, 1114111 A Ao A 744 747k gho = &3 & 5 g5y th
S A FUZE AAE EFete v AFEH s BH AU o] F4E ARl v AAle 275

oZi
ok |

% % Qo
3ol 7}
PyObject *PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)
Lo O S =5 F o X kind7t s ¥ 3L PyUnicode KIND()°l o sf wkghd
PyUnicode 1BYTE _KIND SYUHE MZE FYZE AANE W5 YTl buffer= kind o] whet
21,2 E 4vho] 29 size TS 0] W] AL Fhe) A oF T T,
If necessary, the input buffer is copied and transformed into the canonical representation. For example, if the buffer

is a UCS4 string (PyUnicode_4BYTE_KIND) and it consists only of codepoints in the UCS1 range, it will be
transformed into UCS1 (PyUnicode_ 1BYTE_KIND).

¥ A 3.30] F7}.

PyObject *PyUnicode_FromStringAndSize (const char *str, Py_ssize_f size)
Wkek7k: A #2. Part of the 274 ABIL. Create a Unicode object from the char buffer sir. The bytes will be
interpreted as being UTF-8 encoded. The buffer is copied into the new object. If the buffer is not NULL, the return
value might be a shared object, i.e. modification of the data is not allowed.

o] A
=1

2
98]

If str is NULL, this function behaves like PyUnicode_ FromUnicode () with the buffer set to NULL. This
usage is deprecated in favor of PyUnicode_New (), and will be removed in Python 3.12.

PyObject *PyUnicode_FromString (const char *str)
WSk gk A ZZ. Part of the 74 ABL UTF-8Z Q7 QP 9-F 5 char M H srro| A FUZE AAE
wEUh

PyObject *PyUnicode_FromFormat (const char *format, ...)

Wik gk A ZZ. Part of the 9H7d ABIL Take a C print £ () -style format string and a variable number of
arguments, calculate the size of the resulting Python Unicode string and return a string with the values formatted
into it. The variable arguments must be C types and must correspond exactly to the format characters in the format
ASClII-encoded string. The following format characters are allowed:
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| Format Characters | & =

%% n/a The literal % character.

$C int A single character, represented as a Cint.

%d int Equivalent to printf ("sdm).!

%u unsigned int Equivalent to printf ("%u ny Page 1381

$1d long Equivalent to print f ("$1d ") )

$1i long Equivalent to printf ("$1i").!

$1lu unsigned long Equivalent to print £ ("$1u").'

$11d long long Equivalent to printf ("$11d").!

$1141 long long Equivalent to print £ ("$11i").!

%$11lu unsigned long long Equivalent to printf ("%1 l 2,1

%$zd Py _ssize t Equivalent to printf ("$zd").!

$z1i Py _ssize_ t Equivalent to printf ("%$zi") E

Szu size_t Equivalent to print £ ("$zu").'

%1 int Equivalent to print £ ("%i").!

$x int Equivalent to printf ("$x"). ]

$s const char* 923 CEx g,

%P const void* The hex representation of a C pointer. Mostly equivalent to
printf ("$p") except that it is guaranteed to start with
the literal Ox regardless of what the platform’ s print £
yields.

SA PyObject* ascii() & &3t 23

$U PyObject* FUZ= A4H.

Y% PyObject*, const char* | U F = AA (NULLY 4 54U ThH et F WA uf7)
Ar2A 4-F5 CEAME (R HA i 7] H7}
NULL | AR-H U,

%S PyObject* PyObject_Str ()< &3 A3}

%R PyObject* PyObject_Repr ()< <3 A3}

An unrecognized format character causes all the rest of the format string to be copied as-is to the result string, and
any extra arguments discarded.

ZF31: The width formatter unit is number of characters rather than bytes. The precision formatter unit is number
of bytes for "%$s" and "%V" (if the PyObject* argument is NULL), and a number of characters for "%A",
"SU", "$S", "SR" and "$V" (if the PyObject * argument is not NULL).

H A 32004 W

WA 33004 ¥

H A 34004 ¥

Az UTh
PyObject *PyUnicode_FromFormatV (const char *format, va_list vargs)

W& A = Part of the F ABL B &3] F He dAE Adve He ALstd

PyUnicode_FromFormat ()% 5 <t

At mallan sk vel1un o] o e A fo] 27 gk
At a1, e11in @ ez inol a4 fe] FhE AT
75]: Mg MgAM mMoUN moyn wogm moRmn ] EH :J,L—]H]Q_ZOJ?EJE :‘EuH]'—H Z1%0] _%__7].1:4

PyObject *PyUnicode_FromObject (PyObject *obj)

Wk A FR. Partof the 4 ABL BR23W FUIE MH P A2EBAE A2 AR fFUIE
230l B AR o, obj7} o] w] (A B fﬂ o] ob) ZWHTH = AA o, AA o thek A2 e

=2 W o,

! For integer specifiers (d, u, 1d, 1i, Iu, 11d, 11i, 1lu, zd, zi, zu, i, X): the O-conversion flag has effect even when a precision is given.
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FUREY 0)9 AR & 0]9] 9] AR TypeError S WA AT
PyObject *PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)

wkSk gk A B2, Part of the 9+ ABL Q3 Y AA objE GUIE AAE t) TP}

bytes, bytearray ¥ 7B vlo]| E L7 A A= F X encoding ol Wkt errors 2 73 2] 8t ol A 8]l &
A8-31o] O RR ek & thorsol B 4 9, o A% el ol 24 /| B S AS Tt (HA R
WEL T TR BRI L),

$uz= Ang

API+= o &7} 9)
e,

Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
Part of the X7 ABIM A 3.7 015 2. FUTE Ao dol& F= A EZT W33t}
B A 3.30]] 7}

E e 2 BE AH & TypeError 7t A4 H =5 gt
[e)

A NULLS MU T £ 3L 08 AR B2 058 e D o] %

Py_ssize_t PyUnicode_CopyCharacters (PyObject *to, Py_ssize_t to_start, PyObject *from, Py_ssize_t
from_start, Py_ssize_t how_many)
@ FUTE A o)A BHE AL £AF SN T o) B Fashd £ g
3} memepy () 2 EM T ollg} Al 12 W5 o9 2 AP Th 134
48 e,
W7 330 7%

Py_ssize_tPyUnicode_Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py_UCS4 fill_char)
EAZ EAE S A3 YTt fill_char& unicode[start:start+length] o] &Yt}
fill_charo] #2+4 H o) EAHE T AU, EAFG Ol & o] 48] Fx7F e Ao
715" A 5 WEst A, ol 2] Al -1 REgekar o o] & H A A U o
WA 330 271

int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)
Part of the < 217 ABI tﬂ A 37 O] =. —r;(]—oﬂ Oﬂ —u—X]— 1/]11}- —r—Z]— P_yUnicode New ()& 53
BEglolob Gtk FUTE BALL B0l 2, FALE FR5HA L} ok A 5] 2okt gich.
o] 4= unicode 7} U T E A 01 A, A1l A7} MO 2 Wl o]y ki), A 7} FABHA LA E 4 93
(Z, 22 8571 1917) FAFU T
WA 330 F7}

Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)
Part of the <73 ABI W 3.7 o] 2 2. A oA A5 elssUTh o] &= o2l S AASHA %=
PyUnicode_READ_CHAR ()&} @& unicode7} F+U T = AR o] 11 QIEl A7} HLE Hlo| =X &Qlst

Ut
B A 3.30] F7}.

PyObject ¥PyUnicode_Substring (PyObject *unicode, Py_ssize_t start, Py_ssize_t end)
Wk zk: A FZ. Part of the Q7 ABI WA 3.7 ©] & 2. Return a substring of unicode, from character index
start (included) to character index end (excluded). Negative indices are not supported.

WA 330 7}

Py_UCS4 *PyUnicode_AsUCS4 (PyObject *unicode, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)
Part of the V4 ABI WA 3.7 o] 2 2. copy_null©] A=A, @ X5 EZ35to] BX}E unicodeS UCS4
W3 o] EALE YT o 8] Al NULL< ¥H&3tal ol 9l & A A Ut} (53], buflen ©] unicode®] 2 o] Xt}
ZFo Y SystemError). A& 34 buffer 7} WHEE Y T

§ rio
|o o
2y
J}E o
>,

(i Rl
dr N
ol
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WA 330 27}

Py_UCS4 *PyUnicode_AsUCS4Copy (PyObject *unicode)

Part of the V7 ABI WA 3.7 o] & 2, B2} 4F unicodeS PyMem Malloc ()2 AFg3ho] S5 A UCS4
W3 o] BALgHU T} o] Zl o] A3l 3}, NULL o] ¥F2h=E] 2 MemoryError 7F A H Ut ¥HeE W H ol &=

G E7HE T ZAETF AF YT

B A 3.30]] &7}

Deprecated Py_UNICODE APIs

B 33004 5 A5 Qg th WA 302004 A AF Ut

These API functions are deprecated with the implementation of PEP 393. Extension modules can continue using them,
as they will not be removed in Python 3.x, but need to be aware that their use can now cause performance and memory

hits.

PyObject *PyUnicode_FromUnicode (const Py_UNICODE *u, Py_ssize_t size)

Qk3kgk: A ZHZ. Create a Unicode object from the Py_UNICODE buffer u of the given size. u may be NULL
which causes the contents to be undefined. It is the user’ s responsibility to fill in the needed data. The buffer is
copied into the new object.

If the buffer is not NULL, the return value might be a shared object. Therefore, modification of the resulting
Unicode object is only allowed when u is NULL.

If the buffer is NULL, PyUnicode_READY () must be called once the string content has been filled before using
any of the access macros such as PyUnicode KIND ().

H A 3.3 A 9 A H 5 U o) ¥ A 3.1200 A Al A Y t}.: Part of the old-style Unicode API, please migrate to
using PyUnicode_FromKindAndData (), PyUnicode_FromWideChar (),or PyUnicode_New ().

Py_UNICODE *PyUnicode_AsUnicode (PyObject *unicode)

Return a read-only pointer to the Unicode object’ s internal Py_ UNTCODE buffer, or NULL on error. This will
create the Py_ UNICODE* representation of the object if it is not yet available. The buffer is always terminated
with an extra null code point. Note that the resulting Py_ UNICODE string may also contain embedded null code
points, which would cause the string to be truncated when used in most C functions.

A 339 A A <5 Ut v A 312900 A A A U th: Part of the old-style Unicode API, please migrate
to using PyUnicode AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () or similar
new APIs.

Py_UNICODE *PyUnicode_AsUnicodeAndSize (PyObject *unicode, Py_ssize_t *size)

Like PyUnicode_AsUnicode (), but also saves the Py_ UNICODE () array length (excluding the extra null
terminator) in size. Note that the resulting Py_ UNTCODE* string may contain embedded null code points, which
would cause the string to be truncated when used in most C functions.

WA 330 7}

H A 33004 H X H 5 uUth WA 31200 4 A A Y t}.: Part of the old-style Unicode API, please migrate
tousing PyUnicode AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () or similar
new APIs.

Py_ssize_t PyUnicode_GetSize (PyObject *unicode)

Part of the Q73 ABL Return the size of the deprecated Py_ UNTCODE representation, in code units (this includes
surrogate pairs as 2 units).

H A 3.300 A H X H 95 uyth WA 31200 4 A A Y th.: Part of the old-style Unicode API, please migrate
tousing PyUnicode_GET_LENGTH().
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EAY AIY

A ZA L AT G S AREE G AA A 2 HAEE UIY & 5 JdF YT

PyObject *PyUnicode_DecodeLocaleAndSize (const char *str, Py_ssize_t length, const char *errors)
wiskzk: A} R E. Part of the SF3 ABI WA 3.7 o] & 2. <tE & o] = 2} VxWorks 9] UTF-8 o] L} t}
292 A 2AY dZPY EAES URZEF YT AdE = o8] Ael7]&= "strict"$}
"surrogateescape" (PEP 383) J Ut} U I T &= errors7F NULLO] W "strict" o & X 87| & AF:
FUh s d BAZ Brop AT Y 24 EFT 5 ek

Use PyUnicode_DecodeFSDefaultAndSize () to decode a string from
Py _FileSystemDefaultEncoding (the locale encoding read at Python startup).

o] g sho] & UTF-8 REE F A th
o B

Py_DecodeLocale () &5 .

B A 3.30] F7}.

WA 37004 MA: o] F4L o)A =R o] T E A2 33l surrogateescape o 8 ] g 7] o & A
E2AL AFYE ALYt o] Aol =, Py_DecodeLocale () ©] surrogateescape | A5 911,
A 2ALD AT G strictol AHEEHJF U

PyObject *PyUnicode_DecodeLocale (const char *str, const char *errors)
WSk gk: A FZ. Part of the 9V ABI WA 3.7 )& &. PylUnicode_DecodelLocaleAndSize ()%}
FAFSEA BE, strlen () & AMESFe] £AHE ol & ALY T
WA 3300 27}

PyObject *PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)
vk gk A ZZ. Partof the Q1 ABI WA 3.7 0| T 2. FUZE A £ k= & o] = 9} VxWorks ol] 4] UTF-
8Z AT Y3 AL, U2 ZHZANA A 2A dF PGz AdFgFych AYH = odlg A7+
"strict" %} "surrogateescape"(PEP 383) Yt} QI T & errors7F NULLO|® "strict" o g
A2 718 ASEUh bytes A S NHFUC unicode’s WAH & 2AE 3 5 o Uth

Use PyUnicode_EncodeFSDefault () toencodeastringtoPy_FileSystemDefaultEncoding (the
locale encoding read at Python startup).

o] 34 sho] W UTF-8 R =5 ZA gt}
o ®B7]:

Py_EncodeLocale () &4

WA 3300 F7L

WA 3704 |A: o] T4& oAl FERO|EF A9 8L surrogateescape ol 2 A 2] 7] @A)
ZAL AdFZYPE ALYt} o] Aoll= Py EncodeLocale () ©] surrogateescape©l| AFR-H ¢ 11,
AA 2ALD AFPFL strictol AFRE JAFYTH
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TjY AlAE olF gl

To encode and decode file names and other environment strings, Py_FileSystemDefaultEncoding should be
used as the encoding, and Py_FileSystemDefaultEncodeErrors should be used as the error handler (PEP 383
and PEP 529). To encode file names to bytes during argument parsing, the "O&" converter should be used, passing
PyUnicode_FSConverter () asthe conversion function:

int PyUnicode_FSConverter (PyObject *obj, void *result)

Part of the 9+*] ABIL ParseTuple converter: encode str objects — obtained directly or through the os.
PathLike interface — to bytes using PyUnicode_EncodeFSDefault (); bytes objects are output
as-is. result must be a PyBytesObject* which must be released when it is no longer used.

WA 3.10] F7}
WA 3600 MA: 427 A4S welE U Th

To decode file names to str during argument parsing, the "O&" converter should be used, passing
PyUnicode_FSDecoder () as the conversion function:

int PyUnicode_FSDecoder (PyObject *obj, void *result)

Part of the 173 ABI. ParseTuple converter: decode byt es objects — obtained either directly or indirectly through
the os.PathLike interface - to str using PyUnicode_DecodeFSDefaultAndSize (); str objects
are output as-is. result must be a PyUnicodeOb ject* which must be released when it is no longer used.

WA 3200 7}
WA 36004 M7 F 27 A4S Doty
PyObject *PyUnicode_DecodeFSDefaultAndSize (const char *str, Py_ssize t size)
Wbk gk A ZZ. Part of the Q7 ABL Decode a string from the filesystem encoding and error handler.
If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-

not be modified later. If you need to decode a string from the current locale encoding, use
PyUnicode_DecodeLocaleAndSize ().
o B7]:

Py_DecodeLocale () &4 .
WA 3.6004 WHA: Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject *PyUnicode_DecodeFSDefault (const char *str)
WEERZE: A X Part of the °F7 ABL St A A~E RIF o] )72 4 F85 BFALS UAIY

U,
If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.
Use PyUnicode_DecodeFSDefaultAndSize () if you know the string length.
WA 3.6004 WHA: Use Py_FileSystemDefaultEncodeErrors error handler.
PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)

ke 7k A 22, Part of the 24 ABI. Encode a Unicode object to Py_FileSystemDefaultEncoding
withthe Py_FileSystemDefaultEncodeErrors error handler, and return bytes. Note that the resulting
bytes object may contain null bytes.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncodingisinitialized at startup from the locale encoding and cannot be modified
later. If you need to encode a string to the current locale encoding, use PyUnicode_EncodeLocale ().
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© B7]:
Py_EncodeLocale () &4
WA 3.29 F7%

A 3.6014 WH7: Use Py_FileSystemDefaultEncodeErrors error handler.

wchar_t x|¥

2| gete P Eo Htwchar_t A H:

PyObject *PyUnicode_FromWideChar (const wchar_t *wstr, Py_ssize_t size)
wrsk gk A ZFZ. Part of the 9+7 ABL F0] A size®] wehar_t ¥ ¥ wsrroll A U ZE A E w5y
12 size® A 4T ucslen () & A Bhe] Ao B AAR A4k of F& vheby U Th Qe shu
NULL-S W3}

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *wstr, Py_ssize_t size)
Part of the 217 ABL. FUI = AA W8-S wchar_t W3 wsrof] BAF U T} ) sizewchar_t BA}7}
BAH U (59 428 EAZ AL 4 AU th. BAE wehar_c £} ole 7p SR -1
< whskgh o,

When wstr is NULL, instead return the size that would be required to store all of unicode including a terminating

null.

A wehar_t* FAELE 2 F3E $E 93 ofd 5 Yo FoH . §8 27
Z 83l wechar_t* FAg o] 42 E‘f‘r%xl dtes A2 22 I Yk T3 wehar_t*
EAGdE 9 EA7F 2 E = 9lo, o] 2 < ‘BH EEe] C g2 T?;Wﬂ AHEE o Ex1G o] el A

Fol fo]sH4A 2

wchar_t *PyUnicode_AsWideCharString (PyObject *unicode, Py_ssize_t *size)
Partof the 973 ABI WA 3.7 0] 3 2. §UTE AAF o] = 24 EALR W} 22 £4}
49 £A2 BT sieZh NULLo] o B, (38 ¥ SR EAE AN W ol = ALY £ #i
of $Uth & wchar t FAFE O] d £AS 23T o+ AL, o2 A3 h 72 C 9} 37 A
2 w) 224G o] A Bol §2 5441 A 2. size7} NULL O] L wehar_t+ EAde] d BAE £
ValueError 7} A gy}

3 Al pyMem Newoll oo & W HE NAF U (PyMenm_Free () & AHE8Fo] 3 Al 54 Al 2).
o 2 Al, NULL-& WFSFaL *sizex= A S H A eks5 U th wl R 2] &o] A3t MemoryError & WA
Al Y

B A 3.20] F7}.

Nl

* g
Rirle

o
(g oo

il

WA 3.7 A HA: sizeZ7}F NULLO| I wechar_t* Exgo] @ EXE £8351H valueErrorE TAI A
Ay
LH& ZY
2 B552 59

golH2 £EE 98 CE2 A4A W 29 JFS AT o)yt 3¥ &2 ZF o
=
th& APIS] o 22 F 7] €] <A} encoding ¥} errors & F 3h, W str () wAE AR A2 A5 22

Setting encoding to NULL causes the default encoding to be used which is UTF-8. The file sys-
tem calls should use PyUnicode_FSConverter () for encoding file names. This uses the variable
Py_FileSystemDefaultEncoding internally. This variable should be treated as read-only: on some systems,
it will be a pointer to a static string, on others, it will change at run-time (such as when the application invokes setlocale).
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ol Al errors= AAE =0, Zd o ths FJH 7|2 A& A TS 9 r|st= NULLE A E 5
AsYth 2E WA Zd o gt 7| & o 8 A 2]+ “strict” YU T} (ValueError 7} AU ).

T ZF FASE AE H o] A5 AU T @A S 8] theod s dut I 9 e] Ao uk At
[Bh=3

g Ad

o2& gut Iol APIY Yt}

PyObject ¥PyUnicode_Decode (const char *str, Py_ssize_t size, const char *encoding, const char *errors)
kst gk A 2R, Part of the 9F ABL Q1 Z Y H 21 strd] size Hlo| EE YA Y St] fFUZE AA S
WS Ut} encodings errors= str () WA &4 2L o] 29 wi/) W5t 2 oul YUt AL
TU.L shol 7l 7E] 8 A A E 2] & Algalo] 23 Huieh. oo A o8] 7} A ehE noLL & wekgh e,

PyObject *PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *errors)
wEskzk: A Z=R. Part of the 9F4 ABL U FE AA|E Q17 Y35t 2E 3ho] A bytes A 2 w3+
U th encoding3} errorsi= U I E encode () WA ES] 22 o] 59 w7 Wi -2 on] gy th
AHEE T Y2 stol W FE HAXERE *P%ﬂoﬂl zZ3g Ytk Zd oA o 9] 7} A NULL S
whe g ok

UTF-8 24

t}-&-2 UTF-8 9 APIY Ut
PyObject *PyUnicode_DecodeUTF 8 (const char *str, Py_ssize_t size, const char *errors)
WSk A FFZ. Part of the Q4 ABL UTF-8 2 A7 QJH E XY stro] size Hfo| EE 1] 7 W 8l U
AAE WU ZE oA o] 7} A & NULL2 HESHg o)
PyObject *PyUnicode_DecodeUTF8Stateful (const char *str, Py_ssize_f size, const char *errors, Py_ssize_t
*consumed)

wEs gk Al FZE. Part of the °+% ABL. consumed7} NULL ©] ¥, PyUnicode_DecodeUTFS8 () A8 F %
U T}, consumed 7F NULL ©] of U, 23] B A 31 UTF-8 Hlo|E A| A= o8 E 2] 2] FH A & %‘/]‘——4’
olF g Hio]| E= YA P A ¢fom HIH A vho| E = consumed o) A7 H Y.

PyObject *PyUnicode_AsUTF8String (PyObject *unicode)

[

wrEZk: A B2, Part of the 97 ABL UTF-82 A}25lo] U ZE AAE A 37Gst AAE gojA

bytes 7 A2 WHREHITh. ol 2] A2l “striet” §1U Tk TEol A o] 271 L4 NULLE HEHgh o,
const char *PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)

Part of the °t7§ ABI WA 3.10 o] S 2. U= A9 UTE-8 QAT Jofl thst A E whehsta,

GH 5299 A7 & (b0 E T 2) sizeol] A& T size A A= NULL Y = 55U Th ©
AFE A kS5 UTh M3 w o=t d T ZAET} Q=R o A Qlol, FAF F7
F7H U Th (sizeoll 2= A k55U Th.

In the case of an error, NULL is returned with an exception set and no size is stored.

o e FE AR oA BEAD] UTF-8 AL A5, &

1%, oM,
o —0
£
MmN o
R

- —

Bad s BEAe A B A e A Do)tk G ae AAL A G
W= g AL A E 7P1’471L ZJAE = FESA A Uk

WA 3.30] 37}

WA 3704 WA W83 L o)A char *7} o}y g const char * Yy th

W A 3.109)| A ¥ 7 : This function is a part of the limited API.
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const char *PyUnicode_AsUTF8 (PyObject *unicode)
PyUnicode AsUTF8AndSize ()&} ZA W, A7 & A 3R &5t

WA 330 7}
WA 37004 A P2 o] A char *7} o} 8t const char *YUTh

UTF-32 3 H

22 UTF-32 &9 APIY U th:

PyObject *PyUnicode_DecodeUTF32 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)
vkSkzk: A} FE. Part of the 7 ABL UTFE-322 A7 Y B3 E2} G ol A size B} ES ) ZH 311
A FUTZE AAE 9T errors(NULL ©] ob Y R) = ofl & A 2] & Z Tt 7] 2 32 “strict”

k.

byteorder 7} NULL o] o}, Y Z = A A H v}o]| E A& AF31o] g A Y-S A2}

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1 big endian

*byteorder7F00]1, Y & o] E] 2] 22 48}o] EV} Hlo] E 4£A] EA] (BOM) o] ¥, T] Z T} 7} o] vfo] E
M2 A% 1 BOME A% FUIE FAD] B445 4| @51t *byteorder7h 1ot} 10]H,
BE vlo] £ A EAI7F & ol Hag
SR F, *hyweorder= 9 Ho|El9] ol A AR ulol = w42 AR F Tk
byteorder 7} NULL o], ZEl-2 Y| o] E]| H <= A EEZ Al ZgHU T}
Selo] A ol 2] 7} A S NULLS WHEk o,

PyObject *PyUnicode_DecodeUTF32Stateful (const char *str, Py_ssize_t size, const char *errors, int

*byteorder, Py_ssize_t *consumed)

WSk 7k A ZZ. Part of the 27 ABL. consumed 7} NULL ©| ¥, PyUnicode DecodeUTF32 () A8 5%+
st t}. consumed 7} NULL ©] o} W, PyUnicode_DecodeUTF32Stateful () & 33 £ UTF-32
HEO]| E AJAX (71 48 Lol E ol A A] k= HEol E ) & ol 2] 2 A 2] 5HA] b5 Uth o2 g ulo]lE=
U39dE A gon fIYGH HFo)E == consumed ol A7 YT}

PyObject *PyUnicode_AsUTF32String (PyObject *unicode)
vt zk: X ZFZ. Partof the ©+7 ABL Y| ©] E] B B}o] E <= A 2 UTF-32 QA1 2 Q2 Al-&5}o] Tho]H niolE
2Ade WU Th 249 34 BOM mha 2 Al g o e 2 el “striet” YUk T8]o] A
o 9] 7} MM 3Rl NULL-2 kg o,

UTF-16 3

22 UTF-16 9 APIJ Ut}
PyObject *PyUnicode_DecodeUTF16 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)
e 7k A ZFZ. Part of the 9+ ABL UTF-16 2.2 A7 QP H W3 B} A size o] EE 1] Z Y3}
AT FUZE AAE UL errors(NULL 0] o}Y )= ol 2] A 2] & B Pyt 718 3h-2 “strict”
U,
byteorder 7} NULL ©] o} U, Y] T = A Z H v}o| E Al & AME-8Fo] T A Y& A &3 T
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*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: big endian

*byteorder7F00] 1L, Y& Hlo|E| 9] XS 2u}o]| E 7} Hlo]E <=4 T A (BOM) o] ¥, T] Z T & o] Hlo|E
AR ASE I BOMS 23 FUIE Aol BEALE A 9F5 U th *byteorder 7k —1 04t 10|
EEHlolE A BA7F =l BEARE YT \ufeffy \ufffe w47 FUth.
48 F, *byteorderv Y Hl o B9 FolA A vlo]E A2 AP YTt
byteorder 7F NULL 0|, T 92 o] E] H A R EZ A 25 T}
SLElo] A of 9] 7} 9y ShE NULLS W o,

PyObject *PyUnicode_DecodeUTF16Stateful (const char *str, Py_ssize_t size, const char *errors, int

*byteorder, Py_ssize_t *consumed)

WSk 7k A FZ. Part of the 217 ABL. consumed 7} NULL ©| ¥, PyUnicode DecodeUTF16 () X3 5%+
Y t}. consumed 7} NULL ©] o}, PyUnicode_DecodeUTF16Stateful () % 5 3] 22 UTF-16
HEO|E Al AA(7HE &5 HIo|E U B A ZA 0| E 2 & ol H 2 A stA g5 ‘41_4'- o] | gk u}o]
EEvyIdHA o qidH Hiol E = consumed ol 4 73H U Th

PyObject *PyUnicode_AsUTF16String (PyObject *unicode)
WSk gk: A ZHZ. Part of the Q7 ABL Y] o] E] B Blo]| E <= A E UTF-16 Q1 9 & Al-&3}o] 1lo] A vlo|E
EALL BT 24D G4 BOM vk R A ST T o @] A el “striet” U Tk 7 H of A
o ] 7} g 5 NULL S WEEHRH T

UTF-7 3

t}&-2 UTF-7 9 APIY U th:
PyObject *PyUnicode_DecodeUTF 7 (const char *str, Py_ssize_t size, const char *errors)
Wk A 2Z. Part of the 94 ABL UTF-72 ?Ji%‘% B2} sir9] size vlo] ES UIH S FUFZE
A% wg vt 2eo) A o9l 7} A ShE nULLS Whek g o,
PyObject *PyUnicode_DecodeUTF7Stateful (const char *str, Py ssize_f size, const char *errors, Py_ssize_t
*consumed)

wEkZk: A ZZ. Part of the °+7 ABI. consumed7} NULL ©] ¥, PyUnicode_DecodeUTF7 () X3 Z 2+
st consumed 7} NULL ©] ofu ¥ —‘?‘—b‘“ %94-7(4 Sk UTF-7 base-64 A A2 | ¢ 2 A 2|5 A k5 )
ol gt ulo|E A YH X ko Ty I E Hlo|E 423 consumed o] A7 U Th

FLIZE o|AHO|= FH]

2L “fUFE o] A F o] & (Unicode Escape)” T8 APIY Ut}

PyObject *PyUnicode_DecodeUnicodeEscape (const char *str, Py_ssize_f size, const char *errors)
WS Tk A FFZ. Part of the 9 ABL U I E o2 A o] AT H B} str] size HF 0| EE
stol GUTE AAES BEUTh T A o] 2 7h s NULLS BEF o

PyObject *PyUnicode_AsUnicodeEscapeString (PyObject *unicode)
SRRk Al BE. Part of the 2V ABL ST E o] AA|o] 28 A1&3o] §U
A IS bytes 2 A 2wk o). of ] A ] “strict” U TF. T ol A of &] 7} 3k
Uk,

il
o
ku
ol

E
A3 } NULL% a2y
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HAl RLIZE o|2aAH0|= 2H|

052 “YUA Y F = o]~ A o] Z (Raw Unicode Escape)” ¥ APIY Yt}

PyObject *PyUnicode_DecodeRawUnicodeEscape (const char *str, Py_ssize_t size, const char *errors)
W32k ) B2, Part of the 9H ABL QA FUZE o]AaFA|olz AFYH FAY sr9 size Ul E S
Hsgstel fURE AAE wE Utk TEeA o€l 7k S sE nuLL S ek o

PyObject *PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)

Whebgh M) HZ. Part of the HA ABL 4] GUIE o270 28 AHgdte] GUTE AR S AT
3 AT bytes A A = M ol 2] A2l “strict” AT L o] A] 9] 7} WA SE NULL S
ek o

Latin-1 32 &l

S Latin-1 9 APIYJUt}: Latin-12 %€ 256709 SUTZE A5 slFsty o3 d Zof Fd oA
o5 ﬂd&%ﬂﬂ
PyObject *PyUnicode_DecodeLatinl (const char *str, Py_ssize_t size, const char *errors)
v e zk: A ZZ. Part of the Q4 ABL Latin-1 QA1 Z QJH EX1Y sord] size HFo]| EE YT W5t FUZE
AAE ha Ytk el A o] 7h 28 sk NULL & Wy o

PyObject *PyUnicode_AsLatinlString (PyObject *unicode)

WEskZE: A ZFZ. Part of the 9F4 ABIL Latin-12 AF23to] FUZE AAE AdFZGstn 204E ghol A
bytes 21 4] & WkEHgU o} of 8 A 2]+ “strict” YU Th ZE o] A o] ] 7} A 3F A NULL & wHEHghY T

ASCIl 2 &

= ASCII 29 APIJ YT} 7H| E ASCIL H| o] B ’F S| & H U th ThE € ZEE o2& A8 Yt
PyObject *PyUnicode_DecodeASCII (const char *str, Py_ssize_t size, const char *errors)
wksk gk A ZZ. Part of the 97 ABL ASCII Q1 & Q B2 str9] size B EE YA YSIY FUIZE
A S W s q o} Zd oA o Q] 7} H A EH NULLS ¥kEeU o)
PyObject *PyUnicode_AsASCIIString (PyObject *unicode)

W8 gk A BZ. Part of the 97 ABL ASCIIE AF&3to] $URE AR S AT otw ATHE o]
bytes 22| = H*i‘rﬂﬂﬂr ol 2] A 2]+ “strict” YUtk T Hof| A of ] 7} F5HH NULL-S WU o)

FASE H AT 5 dvhe HolH SEIUT (A E encodings 3 7] A] 9

TRe e 5 192 Q7] A9 29 UG U, 2L HDS ALEe] BAE ARG O
UL A2 0B AA e _gecicen_ () 9B Ae)s o] 28 AAsloF itk P AT elsk AlALT

PyObject *PyUnicode_DecodeCharmap (const char *str, Py_ssize_t length, PyObject *mapping, const char
*errors)
wEEk 7k A 2. Part of the 9+ ABL £ 91 X1 mapping A A & AFE-3Fo] Q1 Z P B} str2] size HFO| E
2 UaReted $URE AA S BE Tk 20 A of 271 B ShE nuLLE WAL,
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mapping ©] NULL ©] ¥, Latin-1 t] &9 o] 2§ Ut} 2 A 2229 mapping->- ¥Fo] E A5 (00] A 255 A
0|2 ) S FURE BAY, A-(FUDLE AF2 o 45 U th E= None 2.2 o) B3l oFghch. 7]
A5 ] ¢kt o] E] H}O] E (None, OxFFFE = '\ufffe' 2 |35 E= A%l ol 2}, LookupError
E frdete )2 BYHA 2 viE o AeH o o2& A G UTH

PyObject *PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
WSk gk Al ZZ. Part of the SH ABL F 1 A mapping A A& AH&3lo] fFUIE AAE A7 G 3H
22 bytes AR = WU Th o & A2l “stricr” U th. o)A o) 7 5 NULL S W
k.
mapping A A= U E Mg 55 bytes 2 A, 00 A] 255 Alo] o] A4 B <= None 2 2 vl F 3 oF o o}
None ol W35 = 27t ofy 2} m = 2] ¢F-& FAF A5 (LookupError & &8t 2) & “ 2 = A
ore w337 0.2 A2l = of ol 7k A g o,

o 29 APIE FUTES FUTER g ke BelA S8 T

PyObject *PyUnicode_Translate (PyObject *unicode, PyObject *table, const char *errors)
NEgkgk: A A, Part of the 917 ABL ¥4 )% Blo] B A 83to] RAAL MBS A3} fUTE
AR E vt 7oA o9 7} A & H NULL-S whEHE Th

g Elol B2 FUZE AT AT E FUIE AT AU None(E A7 AHAIS =5 g ) of v 35

lﬂ E%

iyl

o gt
UH‘TJOJ Eﬂ"]%ﬁ __getitem_ Eﬂ‘lﬂ o]~ E’_Z]O st F Utk gAY g9 Al AT & ZE s o)
vl 3= 2] ok At /“]—,—(LookupError% SREl A= A g ¢ g B Yok

errorsi= e 0] A1 9] w9l o] w] T, 712 o] M2l 8 ALg S VEhlE nuLLd £ 5T

122 MBCS T8 APIY Ut} Sz 9529 /\11{'}/\]—%‘;}—’,\— 2121 Win32 MBCS ¥ 87| & A}-§-35to] Mg
TFAFUth MBCS(XE+ DBCS) & @A) gttt of et 13 S el oAl L. thd dadg-e 79
< A3t 71 A AR A AR o o3 B o T

PyObject *PyUnicode_DecodeMBCS (const char *str, Py_ssize_t size, const char *errors)
WSk gk A ZZ. Part of the V7 ABI on Windows ¥ A 3.7 ©]$ 2. MBCS A ZQJH E 214 str2 size
Bpol =8 )3 sto] fURE AAE wHEUTh 3ol A o8] 7} A shE NuLLS WHEhEh o

PyObject *PyUnicode_DecodeMBCSStateful (const char *str, Py_ssize_t size, const char *errors, Py_ssize_t

*consumed)
wksk gk A R Part of the F*A ABI on Windows W A 37 o] Z &, consumed 7}
NULL ©] ¥, PyUnicode DecodeMBCS ()X & &2 d Ytk  consumed 7k NULL ©] o} U |,

PyUnicode_DecodeMBCSStateful () & ¥ 38 A3 (lead) HIo|EE YA WA ¢k v H
H}o] E =7} consumed ol A 7335 U th.

PyObject *PyUnicode_AsMBCSString (PyObject *unicode)
wrEZk: A ZZE. Part of the 2+% ABI on Windows ¥l & 3.7 o] 2 2, MBCS & AR3lo] U ZE AAE
QY33 A7HE o] A bytes A8 = WA T of 2] A 2] “striet” 9 U Tk Ze ol 4 of 9] 7} LAY
St NULL & HF8Hhu ot

PyObject *PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)
Wk gk A} ZZ. Part of the 973 ABl on Windows Wl 3.7 0] 2 2. A A H T = H o] A & AR5 U F
cﬂﬂaﬂiﬂ¢14ﬂmwwﬂﬂEHWth+iﬂwﬁﬂﬂﬂ@@aﬂNmmaﬁ Fuck,
CP_ACP I E 3| o] 2] & AH-§-3Fo] MBCS 1 HE 55Ut

B A 3.3 F7}.

N
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HMES &2 B4

D}— API= 999 FURE AR EAE S (B olA AL olgtar Al Uth A2 & 5 Jen] A dstA
SURe A3 e g B o,

of o] 7} it 8t RF NULL o v -1 2 Wy o

PyObject *PyUnicode_Concat (PyObject *left, PyObject *right)
vk zk: A} FR. Part of the 9 ABL T E2E L o]oj & e 2 SUFAE EA9D L A2
U},

PyObject *PyUnicode_Split (PyObject *unicode, PyObject *sep, Py_ssize_t maxsplit)
W22k Al R Part of the M7 ABL EAE & E‘Lﬁ}oﬂl FFUZE #2449 g 2EE AFFUTh sepol
NULLOI W, BE B9 P2 LA oA R o] FHFYTh 1R gowl, o) PR A B ol
dojdunh Hh maxsplit o] SFFUh F5old, Aol AAHA Uty FEAE 23
g aEo] £3% A g

PyObject *PyUnicode_Splitlines (PyObject *unicode, int keepends)
uEghgk: A B, Partof the 9+ ABL & WPROI A FURE EADL BFto], fFUDE FA4Y
= Hw}ﬂbh:} CRLF+= ot & vhg 0 2 Zh U T keepends7} 0 0] ¥, A3 AL ol & vhg
A7 F9e A o

PyObject *PyUnicode_Join (PyObject *separator, PyObject *seq)
wisk gk A ZFZ. Part of the S+ ABL 0] A separator S AFR-51o] EAE A BAE AZdsy 23
FURE BAGL WO

Py_ssize_t PyUnicode_Tailmatch (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int

direction)

Part of the Q7 ABL. substr©] 0] A 18] Zof| Al (direction == -1 JFA A&
direction== 12 Au|A} A Z vt} unicode[start:end] & LA 3tH 1S wissh o}, 18
A 9FO.W 02 WHEHL T of & /b A sk -1 whk g o,

Py_ssize_t PyUnicode_Find (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int direction)
Part of the °+7 ABIL. 5] A direction& M-85+ (direction== 1 AWk AA-E 2|3}, direction == -1

< A AAE vy th unicode [start :end] o A substrA ?jRH 9] 2 & vtgshy o} uksk

%k& A WA A28 dd2JqUnh; -1 g Aok FFo] = ‘%E}lﬁi, -2 olH 7R
o217t 28 e YEbE Y Th

Py_ssize_t PyUnicode_FindChar (PyObject *unicode, Py_UCS4 ch, Py_ssize_t start, Py_ssize_t end, int direction)
Part of the V7 ABI ¥ A 3.7 o] 2 &, F o A directionS A& 3] (direction == 1-& AW}k AM S o] ] &}
31, direction==-1& A"}k AWML ol u| gt} unicode [start :end] oA &4} ch-/] A AR HJAE
S T NS g 3 WA A9 daAdYTh -1 g AA e FHo] 9o L, 2t
o 7RI AL 7 AABH A= L‘rE‘r‘ﬁleP.
B A 3.30]] &7}
WA 3.7 A WHA: start2 end= ©] A unicode [start:end] A8 AEE=E ZAHH YL}

Py_ssize_t PyUnicode_Count (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end)
Part of the 2+7d ABL unicode[start:end] o A] substro] A XA kAl 533t A& 9Hagd o
olel7h A Sk ~12 wEgh ok

PyObject *PyUnicode_Replace (PyObject *unicode, PyObject *substr, PyObject *replstr, Py_ssize_t maxcount)

WLz A ZZ. Part of the Q7 ABL unicode | A substr2] 2 W) maxcount 5 7< replstr 2 v} 11 A3}
FUZE AAE vtES Yt maxcount==-1 2 E S-S 1A TS 9 ]U]"/] =
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int PyUnicode_Compare (PyObject *left, PyObject *right)
Part of the 97 ABL 5 £44-S ¥l 53h11 247 42, 22, 2ol Bl -1, 0,1 WU,
o] Bt A3 Al —1 L WS EE g o g2 8ol 7] 8] PyErr Occurred ()2 3 &8 oF gt}
int PyUnicode_CompareWithASCIIString (PyObject *unicode, const char *string)
Part of the 2+ ABL +U 2= A A unicode string=} v st 22 22 242 Zof tfaf -1, 0, 1
WPRLFHUI T ASCILE 91 7% EAbad vk Aekakis A0] 74§49, u] ASCH £ A7} % 35 9 g
98 E219-2 1S0-8859-1 2 & A gy o).
o] 4= o] & HA A7 A kF U T
PyObject *PyUnicode_RichCompare (PyObject *left, PyObject >“right int op)
vkt zk: A ZZ. Part of the 9H4 ABL F U FZ = EA9-S £ 53} ¥] I (rich comparison) 3} 11 T} =
CERUL ey
o o 9] 7} Y5 NULL

e AFAQ ¥|A = Py TrueY Py False

rlr lo

o 3 X3S A4 §lOoH Py NotImplemented
op°ll 7Vt 42 Py _GT, Py_GE, Py_EQ, Py _NE, Py LT Py_LEY YT}
PyObject *PyUnicode_Format (PyObject *format, PyObject *args)
wrE 7k A 2. Part of the SH4 ABL format=} argsol| A A} X149 AR E vbggt}; o] 242 format
% args &t FAFEY O
int PyUnicode_Contains (PyObject *unicode, PyObject *substr)
Part of the A ABL. substr 7} unicode©l| £ 3t= o] QlE=X] &2l 1o wht Zroly A AL vksbshy o).
substr= @ 2 4 FURE EALR A WD oF FU ) o2 7} Yo —1 0] makE Uy,
void PyUnicode_InternInPlace (PyObject **p_unicode)

Part of the 2+7J ABI Intern the argument *p_unicode in place. The argument must be the address of a
pointer variable pointing to a Python Unicode string object. If there is an existing interned string that is the same
as *p_unicode, it sets *p_unicode to it (releasing the reference to the old string object and creating a new
strong reference to the interned string object), otherwise it leaves * p_ unicode alone and interns it (creating a
new strong reference). (Clarification: even though there is a lot of talk about references, think of this function as
reference-neutral; you own the object after the call if and only if you owned it before the call.)

PyObject *PyUnicode_InternFromString (const char *str)

wrsk gk A ZHXE.  Part of the 2+ ABL A combination of PyUnicode FromString() and
PyUnicode_InternInPlace (), returning either a new Unicode string object that has been interned, or
anew (“owned”) reference to an earlier interned string object with the same value.

834 EE AH|

type PyTupleObject
ol Pyobjecte] N2 §L shold B2 AA S Yery ),
PyTypeObject PyTuple_Type
Partof the QY7 ABL ©] PyTypeObject AABEAE gho| W FE &S eEPY Ut} sho] A Al&E2 tuple
7} e AR Ak
int PyTuple_Check (PyObject *p)
P FE AR AY £ o) AR g davaw 2L SeFUT. o B4 FAATHU
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int PyTuple_CheckExact (PyObject *p)
PPt FE AA AT, B Pe) Au Fo) AraE oW B SeFU. o Yo FAATY
k.

PyObject *PyTuple_New (Py_ssize_t len)
Wbtk A ZZ. Part of the 97 ABIL Return a new tuple object of size len, or NULL on failure.

PyObject *PyTuple_Pack (Py_ssize_tn, ...)
ke 7k A #Z. Part of the 9+%) ABIL. Return a new tuple object of size n, or NULL on failure. The tuple
values are initialized to the subsequent n C arguments pointing to Python objects. PyTuple_Pack (2, a, b)
is equivalent to Py_Buildvalue (" (OO)", a, b).

Py_ssize_tPyTuple_Size (PyObject *p)
Part of the Q+7 ABI. Take a pointer to a tuple object, and return the size of that tuple.

Py_ssize_tPyTuple_GET_SIZE (PyObject *p)
Return the size of the tuple p, which must be non-NULL and point to a tuple; no error checking is performed.

PyObject *PyTuple_GetItem (PyObject *p, Py_ssize_t pos)
WSz & ZR. Part of the 2H4 ABL p7} 78] 71 = =9 pos 9 2 ol Q= AN S w33t o). pos7}
S50 A Y E Hoj b, NULLS BH88} 3 IndexError o 9] S A4 3 th

PyObject *PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
HEskgk: e FR. pyTuple GetItem ()&} H]oHA U JAAME &Q15HA] ¢ks5 U th

PyObject *PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
wkek gk Al ZE. Part of the °F% ABL Return the slice of the tuple pointed to by p between low and high, or
NULL on failure. This is the equivalent of the Python expression p [ low:high]. Indexing from the end of the
list is not supported.

int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
Far of the 9170 ABL p7} 7421712 5] pos 8120l 23] 00] AP A28 FAT ek Ao 02
WU T pos7H RIS Hloj U, -1 WHEHSEAl IndexError o9& A U

[e]
FS v

e

e

it

AR A Tl o] S FEol T

[0}
rlr

A3 o] B4 oo OB BRE “FA 1"

B & 1] t}(discard). e

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
PyTuple SetItem()3} WA o8] Ak oFA] o 2L FE2 AL uf* o AHgsf of

.

of ool st FRE “F X7, PyTuple_SetItem()St &e], A F<l FF ofst

= W4 LUThpos S Ao BB BE AL FagUT

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)

T2 2715 245E vl A8 5 S U newsize= T2 A2 o
gt AR Z, A o s Fx7} st 1S uf v A& of 3ok
o] el H OB ol AS AR IA TN &, FEL G4 BAA AL AL
FES FYstL A FES UEE 22 AN L, E}x]l:ﬂg-%;g,o ]
HERh L 2ol dE REL, wpe ARgol o] 48 TR A 2 A4 o gy
*p7} FEBhE AR Uk A7) *p sk F ik s, 1S ek, *pE NULLE A 5,
MemoryError Y SystemErrorS WA Al Z YT

g
o, it
°

4
¥F¥
s, 0,12 4
s S
ot rlo

ol
ot

= N :(m
z 2

(H, fo 4T Mo

0, T

oo

ko

O:

o LA
Lot 2 o

o
ki
N
N
o,
-0,
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8.3.5 &AM A|RA A

FZ A A2 (struct sequence) A A= namedtuple () AA Y C5 7}%%} Uth & o ERREE &3l &5
TAAE 5 ARSI, T A N AAE BT, UA 5 A A A D2 Dol oF BT
PyTypeObject *PyStruct Sequence_NewType (PyStructSequence_Desc *desc)
wkek 7k Al &2, Part of the 9+ ABL ol&]oll A H desc] Ho|HZ ANZ 2 FZ2A A9 FE W54
t}. 23 33./] 0]/\‘54/\ = PyStructSequence_New () 2 W& 4 5 Uth
void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
desc2 T2 N B2 W ypee AR ol A 2735
int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
The same as PySt ruct Sequence_InitType, but returns O on success and —1 on failure.
B & 3409 Z7}.
type PyStructSequence_Desc
Part of the V7 ABI (including all members). T+e T+Z A Al A2 F o vel AR5 £3sh T}

=4
const char *name

Name of the struct sequence type.

const char *doc
o Goll o2 SAE o] e 2 AE L} A 2He) 2 | NuLL,

PyStructSequence_Field *£ields
M2e go) B o] S 7b NULLE ZUbE W ol B e ol

intn_in_sequence
shold Zol A & 4 gl BE 5 (FE2 A48E 49,

type PyStructSequence_Field
Part of the 9+ ABI (including all members). T+Z A A @29 B & V&3t FRA A= E=
233lEng REHTE=pyobject* HES FH Tl PyStructSequence_Desc«] fields ¥l €9

et 7R ARLS oW BES | EH AL 2R

const char *name
gsel o]F. E: 0Bt =9 =
PyStructSequence_UnnamedFieldZ® A

=& Uy NuLL, o] F°] e AH=
AAT
E

o 2
gt

5e)

n

const char *doc
A= SAEF oL A 2Fste W NULL.
const char *const PyStruct Sequence_UnnamedField
Part of the 2+ ABI W A 3.1]1 o] 2, o] & gl=AE2 AT 95 2
2 39004 M7 Fo] char *ol A HAH AFUTH
PyObject *PyStruct Sequence_New (PyTypeObject *type)
e zk: A ZZ. Part of the 97 ABL. PyStructSequence_NewType () 2 & THE typeo] A2 AE

gL

PyObject *PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)

In
o
allf
lo
A
B
=

wksk 7k 2 € 2. Part of the Q4 ABI. Return the object at position pos in the struct sequence pointed to by
p. No bounds checking is performed.

PyObject *PyStruct Sequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
w7k W@ ZZ. Macro equivalent of Py St ruct Sequence_GetItem().
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void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
Part of the °+7 ABL T ZA A A2 po Ad X posol] = BE=EE ZoZE DAY H
PyTuple SET_ITEM()3} u}zt7}A &, o] 212 }\HE—?- ?_]_/_\I;Zj/\é - o uk AR5 oF U T}

Far: o]

nt

=z

ool o st

rr
jubl

A

]

2~
T

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)

Similar to Py St ruct Sequence_SetItem (), but implemented as a static inlined function.

3 o] Pt ool A FERE FHUL.

8.3.6 Z|AE ZHA|

type PyListObject
o] pyObject®] A H &L stolH g 2E A S e Ut
PyTypeObject PyList_Type

Part of the VA ABL 9] PyTypeObject IA2E A= Tho]lH E|2E S YeERWU T o] AL glols
AZ 1ist 2} 22 AA Yt

int PyList_Check (PyObject *p)
PP EIAE ARG Bl AE Gol A g dagan e waghn) o] F4E A 4B T
int PyList_CheckExact (PyObject *p)
p7h B AE AM AT B AE el AE B AABAT of W B VBT o o B4
AgFuTh
PyObject *PyList_New (Py_ssize_tlen)
Wk A ZZE. Part of the °17 ABL 2353t Z o] len Q1 A} 2] 2EE, A3 5 NULLS REH U T

Z+31: If len is greater than zero, the returned list object’ s items are set to NULL. Thus you cannot use abstract
API functions such as PySequence_SetItem () or expose the object to Python code before setting all items
to a real object with PyList_SetItem().

Py_ssize_tPyList_Size (PyObject *list)
Part of the +7 ABL listol| A 2|~ E A A o] Fol& Mgy t); o= 2]AE Ao thek len (1ist) 2}
T U

Py _ssize_tPyList_GET_SIZE (PyObject *list)
PyList_Size () 2k FAFSHAIE, ol 2] AARE )5yt

PyObject *PyList_GetItem (PyObject *list, Py_ssize_t index)
Wik gk WA Z=E. Part of the 9+7d ABIL Return the object at position index in the list pointed to by list. The
position must be non-negative; indexing from the end of the list is not supported. If index is out of bounds (<0 or
>=len(list)), return NULL and set an IndexError exception.

PyObject *PyList_GET_ITEM (PyObject *list, Py_ssize_t1)
gk 8™ FE pyList cetTtem() S frAFSEAIRE ol 8] AAE flE U TH
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int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)
Part of the ¢+7 ABL 8]~ E 9] QWA jndexol] Y= FESitem O F A

t}. index7} B & H oL} ,—12 wslkst IndexError o 2] & dA g}
s o] e itemel S FRE “F AL FFL D= YA Y FAEQ o)n] Q= o o
FrEWHFYTH

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *0)
oAl AAF Q= PyList_SetItem () WIZ P4, dutd o2 o] A Y &o] gle M Bl2EE A+

o] A8 Uk,

3 ol a2 = itemo RS FRE “FT X3, PyList_Setltem ()3 B UA= = g5 st
F2EWMYA SFFUth st i A Q&= F2E F4E oYt

int PyList_Insert (PyObject *list, Py ssize_t index, PyObject *item)
Part of the 217 ABL &% item= 2| 2E [istQ] AW X index 2ol 44yt A=3Hd 02 wiasghyc)

At -1 ‘?}%3}1 2] & 43U t) list.insert (index, item) ol S FEict.

int PyList_Append (PyObject *list, PyObject *item)
Part of the +7 ABL B] 2 E list2] ol AA| item<s 7V U Th A453td 0= ¥H&g oy Asfstd -1
S 933t 9 Q)& DAY list.append (item) o 33T}

PyObject *PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
Wksk gk A FZ. Part of the 2 ABL listo| A low 2} high ALolol| Ql+= AR 283+ gl AEE vl
33 o) NJH o}uﬂ NULLS 913k}l a of| 9] & A A UTh 1ist[low:high] o] | Z&Uth g AE
Lo AR Ad -2 AP A gkF U

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
Part of the 2+73 ABL low <2} high A}©] 2] listéﬂ-oli £ itemlist2] &0 2 AAIUT}H 1list [low:high]

= itemlist o] 6H‘:1r3‘\41-’4- itemlist+=NULL € 4= =4, ¥l ﬂ/\E«] g e YUt} (Egtolx
AR, et 02, AdetE -1 WU T 2|2 E oA RE 9] A2 A AH A 5T

int PyList_Sort (PyObject *list)

Part of the V% ABL list +2-& A xFg]o A AUk A23sd 0L, Ausd -1 ur3kghy o)
o] AL 1ist.sort () & S5 h

int PyList_Reverse (PyObject *list)
Part of the V3 ABL lisr®) %52 AR o)A 9 Witk AFeHE 02, Aol shd 13 kg ok

o] A& list.reverse () & 553t}
PyObject *PyList_AsTuple (PyObject *list)

WSk A FZ. Part of the QF4 ABL list®] W§-& £35H3t= Al & AAE w8t tuple (1ist)
&} F5 Y h

N
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8.4 ZE|o|] 2|

8.4.1 EAMLiZ| A

type PyDictObject
o Pyobjects) Ax @& shol Wl S el AAE e T
PyTypeObject PyDict_Type

Part of the %7 ABL 9] pyTypeobiect A2t shold A1 §2 Y UL) of AL 5ol
AZe) dict 9 2 AA YU

int PyDict_Check (PyObject *p)

p7}dict A4 0] 7 v} dict He) A2 Bo) AaBaE B HBFY . o] B4 B4 AT T
int PyDict_CheckExact (PyObject *p)

p7hdict 2] o] A g, dict B 9] A H g o] QAT oh] W FL W T o] $4E B4 A BRI Th
PyObject *PyDict_New ()

vL3k gk A} B, Part of the 9+ ABL A 2-2 81 DA 2] & uk3kal A o}, A 964 NULLS wEHgh o)
PyObject *PyDictProxy_New (PyObject *mapping)

Hhek gk A ZR. Part of the 2+ ABL 97 A§ &S A= WBE A3 types
MappingProxyType A A& QUL o] 72 dutd o=g v 54 Ze 2 F& fst 948y

o]
S-S PAT) A HE wEE o AHSF T
void PyDict_Clear (PyObject *p)
Part of the ¢V ABL 71& 9 M 2|9 ZE 7]-zk A2 ¥ Uth

int PyDict_Contains (PyObject *p, PyObject *key)

Part of the +7 ABL E‘./‘ﬂbﬂﬁl poll key7} 3t o] QeA] AUt po] FFo] keyet A|5HH 1S
Hhebsta, 292 koW 02 WY ok o ¥ 15 WS Th o]+ TholH ¥ A key in p&}

g

PyObject *PyDict_Copy (PyObject *p)
w3k gk A ZZ. Part of the SV ABL pQF 242 7]-2F S Z3Het= A 9 Y 2| & wkakgh o)

int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
Part of the 9V ABL YA 8] poll valS key 712 4 AU TH key= | A] 7153l o Ut 28 A ko
W TypeError /b g I th 4B 0%, AASHE -1 & WD o) S5 valo] T AR
SAA s

int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
Part of the V4 ABI. o] AL pypict_SetItem ()2} ZA T key7} PyObject* 7} o} const char*
UTF-8 9129 8 wlol = 292 249 Uth

int PyDict_DelItem (PyObject *p, PyObject *key)
Part of the t7 ABL YA V8] pol| Al 7] 7} key 52 A 74 ?;gm th. key= ol Al 7F58 oF I T 12 %]
%o W TypeError 7H B AU Th key7F YA U 2lof] 1o ™, KeyError 7H AU th 44538 02,
A shel 12 Wakg o,

int PyDict_DelItemString (PyObject *p, const char *key)

Part of the F ABIL. 0| A2 pyDict_Delltem ()2} ZA| 2 key7} PyObject* 7} o} const char*
UTF-8 ¢1F Q9 vlo] E 2219 & 2 AF Ut}
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PyObject *PyDict_GetItem (PyObject *p, PyObject *key)
vk W12l 2. Part of the 9F% ABI Return the object from dictionary p which has a key key. Return NULL
if the key key is not present, but without setting an exception.

F3: _hash_ % _eq () MIMNEE ZTEdte TX DA A= 283 FAFUT tiA
PyDict_GetItemWithError () &4E AFEIHAIL

WA 3.100 4] ¥ 7 Calling this API without G/L held had been allowed for historical reason. It is no longer
allowed.

PyObject *PyDict_GetItemWithError (PyObject *p, PyObject *key)
HhShgk: W E F XL Part of the F7 ABL 9|21 & A A|SHA] 9= PyDict_GetItem ()9 M3 Y h
o & 7F g5t o 2] & A At NULLS R YTt 7] 71 glod ool & A A A &3l NULLS
e g,

PyObject *PyDict_GetItemString (PyObject *p, const char *key)
whel gk W@ 22, Part of the QH ABL O] 22 pyDict_GetItem ()2 Z AT key7} PyObject* 7}
old const char* UTF-8E Q1T H vlo|E Exd=E A AHFH Yt

ZF3: __hash. 0% _eq () WMANEE &= TUo) L} IA] str AAE FEE 5
°]' H“ﬂ e = 283 FAF YUY oA AA PyUnicode FromString () key$t A
PyDict_GetItemWithError () &4E AFRdE= Aol 5 YT

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
ek Ud Fx. o] AL gpol W £22] dict.setdefault () & ZH Utk EA8HE, 9 A4 La 2 p
AN A keyoll &l &3t= 7k ¥Fsshy Tt 7] 7} dictol] §lod, 7k defaultobji A= 11, defaultobj 7} BHEH
ok o] R4k keye] 4] B4 25 9 41U o) 59 A0 2 A ohele o4l @ vk @b o,
HZA 340 F7}

PyObject *PyDict_Items (PyObject *p)
WSk A 22, Partof the QH ABL B A V8| RE 58 E33}= pyListObjectS WHEHEY

oy

PyObject *PyDict_Keys (PyObject *p)
RE2Rgh: A F 2. Part of the <17 ABL 9429 BE 718 293 pyListObject & WU

i‘l
%

PyObject *PyDict_Values (PyObject *p)
Wheh gk A Z2R. Part of the 9+ ABL 9 Y] po] BE & £ &3l= pyListObjectE WU Th

Py_ssize_t PyDict_Size (PyObject *p)
Part of the 2t7d ABL AV o) Q& &5 & w3y ol g4l st len(p) 2 5
.

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
Part of the 9+ ABL €U pe] BE 7]-3k AL olHelo|E FUTh pposoll o3 #
Py_ssize_t+, o] # o] AE Al &sl7] 93] o] E‘—?‘é g TE37] Aol 008 Z27]3} 5 of o
Utk of g4 A v ele] 2l el 2E whehela, BE Ao B o A2 wakgh o,
ufj 7R -rpkeyﬁ‘rpvalue 7‘7‘ 718 o' XHE PyObject* H4E 7He] 7] A, NULL € 4~ 5 U th
olESE H Ll 7‘141_ 25 2 (borrowed) 21 Ut} o] E &l o] A Foll pposE ‘?ﬂ%‘ﬁ} Yt
ol e YR A e 72 Yo ez AL Uehn, T27} s ukslng o mAlo] d4E | 5T

dE =d:

ol

zH
&

Ml
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p
PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) {
/* do something interesting with the values... */

}

L

gMuz pe ol" e ol d Sl A= 5
A sEAI R 7] o] MAE A ke Tt 1g

1o -

rlo

Utk gAY & ol olE S ul g HAs= A
= =4

p
PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
long i = PyLong_AsLong(value);
if (i == -1 && PyErr_Occurred()) {
return -1;
}
PyObject *o
if (o == NULL)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (o) ;
return -1;

PyLong_FromLong (i + 1);

}
Py_DECREF (o) ;

int PyDict_Merge (PyObject *a, PyObject *b, int override)
Part of the % ABL W33 AR bE o] e el o] = SHeA, 71-gt - T AU ao FAFUTh b GAY
B AV PyMapping Keys ()& PyObject_GetItem()E A Qo= BE AA L 4 IS5 UtTh override
7F 3o’ aoll A 71E ol bollAl DA 8= 717F Qo™ wAlH L, 2F A koW aft A5k 7] 7F
= wi ko] 7 Uth A 02 wkheta, of & 7F A &t -1 Wk Tk

int PyDict_Update (PyObject *a, PyObject *b)

Part of the S+ ABL. ©]&= Col|A PyDict_Merge (a, b, 1) 211, F WA AR} “keys” A EZHE
7V 98wl PyDict_Update ()7} 7)-3F 23] A| A 20 i3l o) Bl @ o) E d1A] ¢k=th= Auk A9 6,
gto] Ao A a.update (b) & FAFFU T 4338H 05 vEgst A, o 9] 7 A &b 15 RESkh )
int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
Part of the 2+7 ABL 5eq29] 7]-3 2% SAU T a8 AASAY U seq2s 7]-7k B2
278 2ol 29 o[ B2l 8 AR A4S ol el el A of of Tt S 717} 910H, override 7
Frold npA|eo] Sejstar, 23 A] oo A A7 Stk AF Al 05 HESaL, of €] 7 A 5k
~12 MBI T 558 go] A ol @5 TH(uEE 7k Al 9])

def PyDict_MergeFromSeqg2 (a, seqg2, override):
for key, value in seg2:
if override or key not in a:
alkey] = value
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8.4.2 Tig A

o] oA = set I} frozenset AA|o thst F-§ APIO| thall ArA 3] AUt ol YEH A
o 75l A4 AA ZE2EZF (PyObject_CallMethod(), PyObject_RichCompareBool (),

PyObject_Hash(), PyObject_Repr (), PyObject_IsTrue (), PyObject_Print ()
9 pyObject_GetlIter()S XT 3T Yt} o A 22 T FE EE (PyNumber_ And(),
PyNumber_Subtract (), PyNumber_Or (), PyNumber_Xor(), PyNumber_InPlaceAnd(),

PyNumber_InPlaceSubtract (), PyNumber_ InPlaceOr () W PyNumber_ InPlaceXor ()& X
e h.
type PySetObject

o] pyobject] M H L set T} frozenset 214 5o YH dolE =

Re QT 14 2/ (FE AT WS FAD oI, 23 R AL Fwl A 2] o)

2 (g 2E A4 D)L 7he] 710 Ao Al PychtObJectﬂ vk o] FxA9 2

FAE FANFHA g2 Aoz %:LQ‘HOF st], R WA E ¢ syt BE A2 F2A
42 2 As T AW R APLE %) 5@ s of gt

PyTypeObject PySet_Type
Part of the Q4 ABIL ©] A2 1}o] A set FS YEIY &= PyTypeObjectd] A2E A YUt}

ol A28 yrh o

9, rulm

_I
ammﬁ
Lrr Mrle

N
.‘_4

PyTypeObject PyFrozenSet_Type
Part of the Q4 ABIL ©] A2 1}o] A frozenset & YEN = PyTypeObject? A2EH AT
S8 9 A DR e ol Aol T E B A AE U A2, A B
SEEEEDEEE EREES 81
int PySet_Check (PyObject *p)
p7tset ARG A H FoJ JAAEAH FE 933t th o] g+ FF 4T FYch
int PyFrozenSet_Check (PyObject *p)
p7t frozenset A A B o] AR AW S RESHH T o] @4+ A AT I YTH
int PyAnySet_Check (PyObject *p)
p7t set AA, frozenset AA Ex A E Fo] Axd W Fo g Ut o] e FFATH
k.
int PySet_CheckExact (PyObject *p)
p7hset AA ol A5k, A H Ho] AaB At ol FL AT o B4t A BT
WA 3.100] 7}
int PyAnySet_CheckExact (PyObject *p)
p7hset AA £rozenset AR O A ¥ A H W] AaB AL ol B F BT o] T4t 34
43T
int PyFrozenSet_CheckExact (PyObject *p)
p7Ffrozenset AA| o] A A H | AT A= of U g WUt o] e FA AT

PyObject *PySet_New (PyObject *iterable)

i

WEBLZh: A R, Part of the 27 ABL iterablel] 93l WF3tE A E L3 38l= 2 set S W3t}
iterable-2 A 22 ¥l A& W57 938l NULL & & 2}1% CAAESHE A AES, Ao EhE NULL S
Rl iaRi= lterableol A Zﬂi olEl £ o] o}y tﬂ TypeError& TAA AUt A4 A= A S BAE

= -8 YT (c=set (s)).

PyObject *PyFrozenSet_New (PyObject *iterable)
wrE 7k A 2. Part of the V7 ABL iterableol] 2) 3l W1E ¥ AAE £33 |22 frozenset 2 ¥}
Utk iterable> M 22 ¥ frozenset= W5 7] 918 NULL & & 5 Ut AF ot A A S, Aot
NULL & WHHehu th. iterable ©] A A & o] E & £ o] o} H TypeError% A X 71U o)
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set o]t} frozenset & QJIAHA E= 59 A B o] SIAE Ao il th3 T 225 AHSE 5
AsYrh
Py_ssize_tPySet_Size (PyObject *anyset)

Part of the ¢+7 ABL set ©]u} frozenset AA| 9 ZAo]E ¥I3tstUt}. len (anyset) & TS5

anyset©) set, frozenset == A H 2] AIAEHAT} o} SystemError S WA A] 7] ‘/]T/}.
Py_ssize_tPySet_GET_SIZE (PyObject *anyset)
oA AAF Qe Pyset_size () o] W3 Z 4.
int PySet_Contains (PyObject *anyset, PyObject *key)
Part of the $+7 ABL AW 1S, DA R ko 0L, o] 7} A8 etH -12 vk3kgy o) sho) &
__contains__ () WA ES= 2, o] T4 WA E7Fe st J TS DA frozenset & 2 A5 H 25|

Gtk key7k A 765 58, TypeBrror s B4 A AU amsero] set, frozenset i Alx
ol A AT oYW SystemError S WA A AU Th

int PySet_Add (PyObject *set, PyObject *key)
Part of the S+ ABL key S set A2El 2o 278U T E3l frozenset A 2B A E A5t}
(PyTuple_SetTtem() A8 th& Z =) =5 7] Aol A 2 frozenset®] k& A+ ol AL
AsUTh. B43std 02, A et 12 vk th key 7} Al B 715 3HH, TypeError & B3 A1 7]
Utk Q&3 27ko) oh;}l:q MemoryError & ®A A 7] Ut} sero] set O]L}:L AH P AAgAT}
ol ™ systemErrorE WA A 7 U T}

O3 T4 set oy 229 M E P ArdE a0 AT 4= QAT frozenset OJU T A H o] A~
dof= AT 4 glsyth
int PySet_Discard (PyObject *set, PyObject *key)
Part of the ?+7 ABL T A= 1 A A% A 1g Whebsbal, A E 2] oW (o7 8 I = 54| k5 UTH 0
= Whghstar, o 7 A S ~1 S W oh = 7ol sl KeyError & A A 7] 4]
50 th. key7} B Al B 715 5 Typerror & HAA U sfolH discard () WA E e g,
o] WA 27T A TS DAl frozenset & & A5 HESFA] 975U Th sero] set oL} L A H 39
?_]é‘?jéﬂ- ol SystemErrorE WA A Yt}

b

PyObject *PySet_Pop (PyObject *set)
wELZk: A F 2. Part of the 9+ ABL setoll 0] Y+ 429 AA o tf sk Af =5 HI3tst 11, serol] A
A7 A AT Ao ShE nuLLS U T 1 gl ¥o] 98, KeyBrror S BN YL ser
o] set oL} 2 A B O] AAAHAT} oYW SystemErrorS WA A Y Th

int PySet_Clear (PyObject *set)

Part of the 9+ ABL 7|29 R E 24 AFS vt AF3
MEEFY Y A2B| AT ol SystemError & WA 7]A1 -1

Ll

= Ut} seto] seto|L} 1
}3hat

W og e
< Wt .

shol 4 ot BT B 7hA F57) glg Lk
type PyFunctionObject

Foll AHgS = C T2,
PyTypeObject PyFunction_Type

o] AL PyTypeObject] QIAE 0| H stol 4 ey S Ve Ut sho] A Z 2 2w ol Al types.
FunctionType & == Ut}
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int PyFunction_Check (PyObject *0)

o7} & AR (PyFunction_ Type )W & BT v 7] B4 NULL o] of]of oF gt} o]
LR rsw Azs),

PyObject *PyFunction_New (PyObject *code, PyObject *globals)
HF3 gk /\H Fz. = AA code2} AFH A T A A& WU ) globals= o A A A8 4=
= 9 2l olojof guith.

Spo =AY o2 L I AF oA 7FAS UL _ module_ & globalsol A 7FA St} Q&b
7]E§} ol = ]0]{\4_ D EZAE=NULLE AAFE YT _ _qualname_ 2 F= A9 co_qualname
:‘
=

PyObject *PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)
wtEzk: X JZ. pyFunction_New () 2} B|S2SFA 9 & AR 2] _ qualname_ oJETHEE LA
T £ 5 JEE T qualname= I E A AU NULL O] o] oF FUTH; NULLO| W, __qualname_
EZHEE=FE AA 9 co_qualname BE} L Loz AAH YT}

W7 3300 7%
PyObject *PyFunction_GetCode (PyObject *op)

Wk U xS AR opot AAH I = AAE whEe YT
PyObject *PyFunction_GetGlobals (PyObject *op)

ek d Y Fx e AR opet ABE A gAH U E eyt
PyObject *PyFunction_GetModule (PyObject *op)

S8k W 22§45 A4 ope] __module_ ojEHEo] td Wel %8 waF T NULLY
2 95Ut
M A

AL ANAOE BE o B P B T AT, vho] 4 mE 2 ThE AME AL+ AFUTh
PyObject *PyFunction_GetDefaults (PyObject *op)
gk 0 E B2 B4 A op) AR} 1 ERE BB ol AR FZohwurLd 4 9%

g,

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
G4 AR ope] A} 71 B 3EE B FU T defaulis= Py_None o] Lk F-Z o] of of F] k.
A5t systemError & LA A 7] 1L -13 WESRHU T}

PyObject *PyFunction_GetClosure (PyObject *op)

Hlglzh: W e Jx. 34 AR opet ABH ZF2 A2 W3 Th o] AL NULL o] L Al A9 BZ Y 5
A5yt

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
S AA opt ABE S EAE AW Tt cosurer= Py_None o] Al AA| 9] FZo]of oF g th.
A5l SystemError& SAYA| 7|3 -1 & ¥HEgh o).

PyObject *PyFunction_GetAnnotations (PyObject *op)

WEkgk A FR. D5 A op] o B o] AE wkEgYTh o] 2 M gAYy NULL I 5
AFUTh

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations )
A opQ] o] =H| o] A& A Yt} annotations-S YA ] 8] U Py_None o] o] oF gt}
A5 systemError& WA 7] AL -12 WHEHU Th

N
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8.5.2 QUIAEIA HME Z4A

Ar"EA W EE pycrunctiono] BhEt @l 3] ol W pycrunctionE Fel& AA ] Ads= M2 I
AJYt}. o] A9 PyMethod_New (func, NULL, class) &&= thAg4yrch
PyTypeObject PyInstanceMethod_Type
o] pyTypeObject AL e po]l A2 WA E P25 HEPF Ut spold 22070 = =5
A FE U
int PyInstanceMethod_Check (PyObject *0)
o7} A~H A wAE AN A ZS ¥EESHU T (PyInstanceMethod Type @ JUThH. w7 A=
NULL o] obUj o] of Gtk o] B4-E B4k 4TI
PyObject *PyInstanceMethod_New (PyObject *func)
S gk A B2 A dabs A s ARE RBFU funce 409 2HE AR AU funcs
ArE Uil/‘157} e i e2d gk
PyObject *PyInstanceMethod_Function (PyObject *im)
Wk 1Y . Jdad A A= i AEE e AR E Sy o
PyObject *PyInstanceMethod_GET_FUNCTION (PyObject *im)
sk Al AR, 28 AALE ¥ %= PyInstanceMethod Function ()9 w322 WA,

(o]

8.5.3 HIAME ZHA|

HAEE A4 9 (bound) T AR PUTH WA == 3 AR F] Fe2] Qadxo AFdg Utk A
A5 A] ¢4-& (unbound) MM = (Z W2 AR o d2E WME)E He AT+ g5Uth
PyTypeObject PyMethod_Type
o] PyTypeObject A" 2E shol A WA E & YeERY U o] A2 spo]#l T2 T3 ¢f types.
MethodType® ==H Yt}
int PyMethod_Check (PyObject *0)
o7h IS AAE F2 HBGUTH (Pyiet hod_Type @ AU TH. A B4 NULLo] ob] o] of T
O o] B4t FA4 A F U
PyObject *PyMethod_New (PyObject *func, PyObject *self)
Mgk A BE AR WAE ANE SAS UL func
A@= ofof & A2AAQYTE funce WM =7t 52 E ) i%
ok
PyObject *PyMethod_Function (PyObject *meth)
Wk U E X merh WA =9 AdAH T AAE WY TH
PyObject *PyMethod_GET_FUNCTION (PyObject *meth)
ks gk A8 Fx, 07 AAE 138} PyMethod _Function () W3 = WA,

E A o] H, self = WA =7}
QY Tt self+ NULL o] ofy] o] of

rlr
juics
e {o,
o 10,
My
rl _V}i

PyObject *PyMethod_Sel £ (PyObject *meth)

Wk U X merth MM 29 AFE JAHAE WL
PyObject *PyMethod_GET_SELF (PyObject *meth)

ks gk A8 FR, 07 AAE 18t PyMethod _Self ()9 WiaE WA,

rit

.

[o0]
[3)]
o
+
IS
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8.5.4 Ml ZHH|

“A” A= A AFZO A FRoE HFE FASHE ol AFEFH UL o] & Wttt 32 A7) #5f
A AR 7 e J Ut e FE ok 24 2 ;.:31]01 A1 Moz ald HEE AR ot - 25 2 9
Aol th gk Iz 2 Uth groll AA~stE, A “Zﬂ Z]'Xﬂ‘:ﬂ" Aol ZFE gho] AHEH Ut o] H 3 A
A 9] %% (de-referencing) = A H Hlo|E FE R HE 9 A Po| BAF T ANA A Ao ® IFx

7] It A A8 & O 2ol §8 5 QT
type PyCellObject
A A o AHEH = C 2 AL
PyTypeObject PyCell_Type
A AR ol Aok 8§ AR,
int PyCell_Check (PyObject *ob)
ob7t A AR F2 WV Th ob NULL O] oft] o] of Fuith o] Ft F4 4T T Th
PyObject *PyCell_New (PyObject *ob)
BESHZh: Al B2 ob 7h2 ESHE A A AR E BET WA vl W NuLL A 4 A5y Th
PyObject *PyCell_Get (PyObject *cell)
wlshzk: A ZFZ. Return the contents of the cell cell.
PyObject ¥PyCell_GET (PyObject *cell)
e 0w xR A cell®] W& WHEHSEA] B, cell ©] NULL ©] obd 2| 9 Al AR AR F 1317 95
gk,
int PyCell_Set (PyObject *cell, PyObject *value)

Set the contents of the cell object cell to value. This releases the reference to any current content of the cell. value
may be NULL. cell must be non-NULL; if it is not a cell object, —1 will be returned. On success, 0 will be returned.

void PyCell_SET (PyObject *cell, PyObject *value)

A AR cell®] 32 value 2 AR T T, B2 A5E 24 A 2L, AL 97 AA} o 20} A7)
28451 Th; cell- & NULL o] ofu]o] of k31 A 2] of of g ch.

= 27 = CPython T8 9] A52 AR AV Th 7 A ob B4ol Bo] YA e A Afsd AE
Folgl & vebd Yt
type PyCodeObject
= AAE AW sHe vl G = AR CTRA. o Fo| BEE AAEA WD 5 AU
PyTypeObject PyCode_Type
o] AL Ftol M T = AAE GEPE PyTypeobjectd] AAE AT
int PyCode_Check (PyObject *co)
o7k TE AAW FL HBFU T o] Pt T4 AT T
int PyCode_GetNumFree (PyCodeObject *co)
Return the number of free variables in co.
PyCodeObject *PyCode_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags, PyObject *code,
PyObject *consts, PyObject *names, PyObject *varnames, PyObject *freevars, PyObject

*cellvars, PyObject *filename, PyObject *name, PyObject *qualname, int firstlineno,
PyObject *linetable, PyObject *exceptiontable)
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wk3kZk: A %, Return a new code object. If you need a dummy code object to create a frame, use
PyCode_NewEmpty () instead. Calling PyCode_New () directly will bind you to a precise Python version
since the definition of the bytecode changes often. The many arguments of this function are inter-dependent in
complex ways, meaning that subtle changes to values are likely to result in incorrect execution or VM crashes. Use
this function only with extreme care.

WA 3.119 4 ¥ 7: Added qualname and exceptiontable parameters.

PyCodeObject *PyCode_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int kwonlyargcount, int
nlocals, int stacksize, int flags, PyObject *code, PyObject
*consts, PyObject *names, PyObject *varnames, PyObject
*freevars, PyObject *cellvars, PyObject *filename, PyObject
*name, PyObject *qualname, int firstlineno, PyObject *linetable,
PyObject *exceptiontable)

WESk gk Al FHZ. Similar to PyCode_New (), but with an extra “posonlyargcount” for positional-only argu-
ments. The same caveats that apply to PyCode_New also apply to this function.

A 3.89] &7}
WA 3.119 4 *H 7 : Added qualname and exceptiontable parameters.

PyCodeObject *PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)
S A B2 ARE AW, B4 W A A E WSS 2 A0 e AR S BBgU S 5
FE AAE A3 H Exceptions TP A YT

int PyCode_Addr2Line (PyCodeObject *co, int byte_offset)

Return the line number of the instruction that occurs on or before byte_offset and ends after it. If you just
need the line number of a frame, use PyFrame GetILineNumber () instead.

For efficiently iterating over the line numbers in a code object, use the API described in PEP 626.

int PyCode_Addr2Location (PyObject *co, int byte_offset, int *start_line, int *start_column, int *end_line, int
*end_column)

Sets the passed int pointers to the source code line and column numbers for the instruction at byte_offset.
Sets the value to 0 when information is not available for any particular element.

Returns 1 if the function succeeds and O otherwise.
A 3110 =7}
PyObject *PyCode_GetCode (PyCodeObject *co)

Equivalent to the Python code getattr (co, 'co_code'). Returns a strong reference to a
PyBytesObject representing the bytecode in a code object. On error, NULL is returned and an exception
is raised.

This PyBytesObject may be created on-demand by the interpreter and does not necessarily represent the
bytecode actually executed by CPython. The primary use case for this function is debuggers and profilers.

WA 3110 7}
PyObject *PyCode_GetVarnames (PyCodeObject *co)

Equivalent to the Python code getattr(co, 'co_varnames'). Returns a new reference to a
PyTupleObject containing the names of the local variables. On error, NULL is returned and an exception
is raised.

WA 3,119 &7}
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PyObject *PyCode_GetCellvars (PyCodeObject *co)
Equivalent to the Python code getattr(co, 'co_cellvars'). Returns a new reference to a
PyTupleObject containing the names of the local variables that are referenced by nested functions. On error,
NULL is returned and an exception is raised.

HZA 3119 &7k
PyObject *PyCode_GetFreevars (PyCodeObject *co)

Equivalent to the Python code getattr(co, 'co_freevars'). Returns a new reference to a
PyTupleObject containing the names of the free variables. On error, NULL is returned and an exception
is raised.

HZA 3119 7%

8.6 7|E} ZHA|

8.6.1 m}Y ZHH|

o

o] API+= C £F ol B¢ gle] 3 & H /O (FILE*) A Yol &3t W 3L A A o off g 5}o]
«14"01]5611 ol ddUth. TholH 3o A, LT 2AEH S MEL io RES A TYLE o] B

A A A4 ﬂ%ﬂﬂ F210 Foll Y AZL F Tt 0}1’41011/‘1 A 3te e oy MRS
APMW@«EB] C#lHoln, T2 Az YR e F HIE S AGUth AR T =+ th4l io
APIof| AN 2 3}= Fl o] EH YT

PyObject *PyFile_FromFd (int fd, const char *name, const char *mode, int buffering, const char *encoding, const
char *errors, const char *newline, int closefd)

Hrk gk A Z 2. Part of the QF7 ABL o]1] Q= 3149 5t 7| &2} d 2 shol A 5t AA & T
Ut} Q A} name, encoding, ermrs D newline-2 ]H%}: S AFR-5H7] Y6l NULL E & 9}%1/] t}; buffering2
7183 S AHEsE7] flel -1 = AF U TR name2 FAIF 31, o] A v 2 i%‘r" =4 H +AE Yt
A3 Al NULLS RESHGHU T} Q1 Aol T 3t o] ARA S A2 io.open () T ABPAE FRIAA L

SERREEE S A
A

v
v
N
N
W)
n)
EH
. %
1o
2
"
2,
N
I
9}

A 3204 HA: name JEZHEE FA T T)
int PyObject AsFileDescriptor (PyObjecl *p)

Lls
a5 0}2‘?‘]; 7“%1]-4 flleno U']]/\-]E7]- O‘EEﬂ EE%Q Uﬂ/\-]E_‘gg_}E/\] A2 uls)o
A I e A e (R R t&%‘r% Ut dsistd A9 S AR BT -1 S Hhehetu o
PyObject *PyFile_GetLine (PyObject *p, int n)
WSk A ZZ. Part of the 9+ ABL p.readline ([n]) & 55Ut} o] 4= AA pollA st =S
St pi 5 AA L} rondling O WAL} 5L Aelo AR & DG e ne] 00, 29
Zolgt BAglol Aotel 3 2L OMLM nol 08t 29, n o] £ o] 4 selol A 97 ehgrvivk;
2943 2o MY 5 A5 UTE T A B, 52 ol ZA £ZorE W FAG AR U],
Sejubnol 0n 2o w, dolsh AARe] & £ AW, 5 ol FA] =2 EE BOFError 7}
.
int PyFile_SetOpenCodeHook (Py_OpenC{)deHo()kFuncti()n handler)
A|-&% handler & F3l 7] H+-& AL EF io0.open_code () & €A 522 A Qo gt

handler+= T3 22 3 9] =AU}
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typedef PyObject *(*Py_OpenCodeHookFunction)(PyObject*, void*)

PyObject *(*) (PyObject *path, void *userData) &} %
PyUnicodeObject ¥o] BAH Yt}

i)
<
o

o 71 A path =

userData 2N+ & T2 AEgUth F = dE dgdoA 352 9082, o] 2AHE
stol el E AR FxeHd < FH T
o] FLEHOoR YEE Fo| AHgHER @

1A= A (frozen) sys.moduleso] YTt &
= =

A9 oI EhE % A% 5ol A28 REE AT ESE AL HAAAL
Aut To] MR M, Zﬂﬂ’(ﬁ]—ﬂ\/]—_ﬁli] g4~ glow, o]% 9 pyFile SetOpenCodeHook ()°l 3t &
Fo AU Ao A, Bt 18 Weew Bz e 67} 2135 90 W o9 & A T
3 = H
k

=
ol St Py Initialize () A9
o]z

2]
= eba ek
Z} gl o] ZHA} o] ¥l E setopencodehoo [BR=
W 3.8 7}
int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
Part of the 2+ ABL A objE 3L AA poll U flagsoll Al A F = =
Py_PRINT_RAWYUTE F AW, repr () A AAY str() o] 7|1 SFH Utk 4F3H 0=, A3l
b -12 MEEUTh 488 o] 9 F 24P ok
int PyFile WriteString (const char *s, PyObject *p)
Part of the 9+ ABL £71 52 54 2] poll £tk A2ahd 02 wael 1, s e -1 Mgy
ok 2@ o917k A H e,

8.6.2 2 & A

PyTypeObject PyModule_Type

Part of the °+*A ABL ©] PyTypeObject "Jﬁ‘?ﬂét gtolH & ¥ UEFHYrTh o] A2 types.
ModuleType o2 J}o|HW =2 T o] = EH Ut}

int PyModule_Check (PyObject *p)
p7t 2E AA o] AY BE A AH Fold & vkt o] T4+ T AT

int PyModule_CheckExact (PyObject *p)

p7t BE AA O\ AW, Pyrodule_Type] AH Fo] bW FS HFFUL o] T4t G4 43 Y
ek

PyObject *PyModule_NewObject (PyObject *name)

ek gk: Al 2. Part of the <4 ABI ¥ A 3.7 o] & 2. Return a new module object with the __name_
attribute set to name. The module’ s __name_ ,_ doc_ ,_ package_ ,and__ loader__ attributes are
filled in (all but __name___ are set to None); the caller is responsible for providinga ___file__ attribute.

WA 330 27}
WA 3404 HM7A: _ package_ _and __loader_  are setto None.

PyObject *PyModule_New (const char *name)
wEzk: A 2. Part of the F4 ABIL PyModule_NewObject ()2} B]S28FA] 9 name o] f- U Z & A A
HAI UTF-8 2 A A FH #2E Yot

PyObject *PyModule_GetDict (PyObject *module)
Hkek gk ﬂ Zr 2. Part of the 27 ABL module®] ©] 5 &7+ F3 3= 94 AA
o] A= 2E AAY _dict_ o EFHE} ZHUYUTH module©) BE 7
)7} O]-l/] Y, SystemError 7} @A 3} 11 NULL o] W3- U
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B BEY _ dict_ & FAH 2F3HA T thE PyModule_* 3} PyObject_* T4E AME-3h+=
Zlol H5Yth

PyObject *PyModule_GetNameObject (PyObject *module)
WLz A ZZ. Part of the 917 ABI ¥ A 3.7 o] & &. Return module’ s __name___ value. If the module
does not provide one, or if it is not a string, SystemError is raised and NULL is returned.
B A 3.30]] &7}

const char *PyModule_GetName (PyObject *module)
Part of the V7 ABL PyModule_GetNameObject ()2} B8R T 'utf-8' 2 QA A Y H o] 5L vk3}
.

void *PyModule_GetState (PyObject *module)
Part of the 974 ABL 2E9] “AH]”, % 2 E A4 A 299 v we 828 717 2AB Y NUILE
wigkstu ot PyModuleDef.m_sizes 7"'2?5]-” Al L.

PyModuleDef *PyModule_GetDef (PyObject *module)
Part of the 9+ ABL E&©] W5 X PyModulepef FZ Aol th gt ZAE Y BE o] o A gHE o]
21 2] koo™ NULLS B

PyObject *PyModule_GetFilenameObject (PyObject *module)

Wk A ZZ. Part of the 973 ABI. Return the name of the file from which module was loaded using module’
s__file_  attribute. If this is not defined, or if it is not a unicode string, raise SystemError and return
NULL; otherwise return a reference to a Unicode object.

B A 3.20] F7}.

const char *PyModule_GetFilename (PyObject *module)

Part of the V7 ABIL PyModule_GetFilenameObject ()2} B]<=3tA g ‘utf-8 2 QA FZQPH JIdH S
Ll gR=
WA 328H HAXHE: PyModule GetFilename ()& A I QT F u,\% ot o o 3
UnlcodeEncodeError§ B AX YT WA PyModule GetFilenameObject () S Ab&3H4]
Al Q.

C2E X738}

S
=
Eiga 7]- PyImport AppendInlttab ()S AHESH
extending-with-embedding & 3 Z 314 Al 2
2713 4 BE Y A" AE PyModule Create ()l AE3ta A3 ZE AAE & A Y, H 9
TZA| ZAHA & Hhgketo] “tidA 27137 23S 5 s th

type PyModuleDef
Part of the °+7% ABI (including all members). AAE D= TR REAREGT Y= FE
5o S, G e el 9 ) 95 445 288 AT e 2% o

PyModuleDef Base m_base
o] W& A pyModuleDef HEAD_INITE % 7|3}3l4 Al <.
const char *m_name
M 2ES ol 5.
const char *m_doc
BESY 52EH,; UIH S F pyDoc STRVARZE TS0l HSAEF He 7 AR YT
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Py_ssize_tm_size

RE A= AA AHo] o} d PyModule_GetState ()E Zz‘ﬂ@}? AE=E2EE vEE FH
FAE T AFUTE o] A2 oA AR B Z A = AHE3HE S A B U Tth
ol MR FIL E% 2323 A] m_sizes 7|0 R 5”@”1 25 AA7 23 siAE of (AohH

m_sizeE -12 AH3std BE] zi%ﬂ AR S 2E7) w) 2o A H e ZEEE A YehA gt

F7hobd o2 HASE BES ThA 2718 & 5 Arhs ol gelo] 3% F7} v 27
S8 AR HA 111 0] shedn 4ot B sl

ZLA| g U] 82 PEP 31212 ZX 34 A

[}
a.

A

PyMethodDef *m_methods
PyMethodDef 322 7|€H = B& & T vlol &l thet 2AH. g7k gled NnunLd &
SN

PyModuleDef _Slot *m_slots
OoA 27135 At eX A g, {0, NULL) FFoR FRHUL ddA 27|35 A
o], m_slots+= NULL ©] o] 0]= st
WA 35004 WA WA 35 o] Hollz, o] W7 A NULLE AAE o, thE 3 Zo] F o
RsUrh

inquirym_reload
tmvervepmcm traverse
E A4AS GCHA & 228 A T, 28314 o 2% NULL.

25 ZH7F L FH AAIRE obF] &EE | %‘2}2?& o] Tt T EHA AU o] AL BE
ol grEold AF, BEo] A7) AHY AU (Py_mod_exec F5). B FA3A
m_sizeZFORT 31 BE AH (PyModule GetState()7]— H3}+35}=) 7F NULL o] | o] <47}

n

WA 39004 A7 5 AE7 2 FH 7] doll e 225 A sUth
inquirym_clear
2E AAY GC FE] Foll & A ] (clear) T, 2 8H4] ¢k oW NULL.

EE JE 7 8 AH QAW of A dFH A o o] vt ZEHA eyt oA BE
ol BIEolX A%, B E ] A7) A7 F-dUth (Py_mod_exec ). T A getA =,
m sizeZFORTF I B EH(PyModuleﬁGetState ()7} ‘ﬂ-?}?ﬂ-t)ﬂ— NULL o] o] &7}
TEHA gsUth

Like PyTypeObject . tp_clear, this function is not always called before a module is deallocated. For
example, when reference counting is enough to determine that an object is no longer used, the cyclic garbage
collector is not involved and m_ free is called directly.

WA 39004 A7 e A7 2 FH 7] doll e 2&2H A gsUth
[freefuncm_free
285 AA oA Foll 258 -, 2 25HA oW NULL.

25 AEH7 S JARE, of A S A ghgkod o] vt TEH A U o] AL EE
ol MEo| A AZ mEo| A= 7] AA] ALAUT} (Py _mod exec &), © &A=,
m sizeZFORT 31 2E AH| (PyModule GetState () 7} WiE st )7} NULL©| ¥ o] gk7}
T=HA dFsUth

3904 M7 25 E7 29H 7] Aol e 229 A syt
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chebA| 27)3)
B 278 35t 2E ANE 44 HEL HHY 5 QEUTh o AL WA 2713 3 3, ok T
55 44 35 F e ATk

PyObject *PyModule_Create (PyModuleDef *def)
HEgkzk: A B R, defe Ao Wk A EE AAE w5 Utk o] AL module_api_version ©)
PYTHON_API_VERSIONCO Z AAH pyModule Createl ()8 &gt}

PyObject *PyModule_Create2 (PyModuleDef *def, int module_api_version)
HEeh gk A ZR. Part of the 273 ABL def] <] ol whet, API W A module_api_version& 7}7 8] A
w5 AAES NS % W o] Ay =0l ol ele] w2 8HA) ¢ W, Runt imeWarning
2 A U,

FaL: o] e iR pyModule Create ()& WAl ARGl ok itk 24 3] 4.2 & wfj vk A8 5HA

%718} gpoll A vkglE] 7] Ao, 23 B AAw ERHA 2 2 pyModule AddObjectRef () & 2 45

AH-g-te] 2917 U e,

HEoj AF EELS

2 rft Ho do &b ot

= =i 2 AFE o] ol d Yt} sys.modules BES Al AL
= A YEZE &9, A BE AA 7 RES o1 A AL, o] A BE-2 ARk 7| A A o] A& FH U Th- Tho] A B
EG U7 G UL 7[R Ao 2, e Ao rEolX o2 BRES S A olojoF Pt} shE A3
T e EEAE 9FS vAA EEUTH S 5 £ E9o] pyModule_GetState () &
o7 e NE Fea) o E A gk of
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oA 27135 2357 A4,
PyModuleDef 912~

% 7) )8 of ghick:
PyObject *PyModuleDef_Init (PyModuleDef *def)
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ZHtE2 A 271344 ol AA o] A Fth
defE PyObject* 2 J| 2 E S} ALY}, of 2] 7} 48 81 NULL & WHH3H Y
B A 3.50] &7}

E2E A2 9 m_slots ¥ = PyModuleDef_Slot -2 A Ml & 7le] Aok gt}

type PyModuleDef_Slot

By

int slot
obe] A E AE 7h5 3 g SOl AEE, &% D,

pul
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void *value
£X Do) wpet 1 w7t Gk =, £1 9
B & 3.59 —7}—7}.

m_slots W @ id7}F0 <

Py_mod_create
25 AA AAE w7 e EEFH = FE AL IUS ol €39 value ZJAH = = 22 A=
2o B el Aok ik
PyObject *create_module (PyObject *spec, PyModuleDef *def)

o] 3+ PEP 4510 A9 th 2, ModuleSpec AAE AL BE Ao 2 vk Urth A ZE A S
ukeka} 71, of 218 A 4 81 al NULL & W) of gtk
ol dre HAROR AR FUL 53] B2 EES HA YEE S L A =5 F3F £}
AT 5 9ol A, 9ol Fol W FEE T2 o F
shute] BE A olo) A oJ 2] Py_mod_create £ES A4

Py_mod_ createE A QSR oW, AFE A= PyModule New () S AFESFo] dul 2
syt ol & 7&47P°P‘43}Sp660ﬂ7\1%€}‘45},3¥% BE UL BEHIE B A
ol S Aol EAeR 2 4R T AR Y2 E Bo) OE o] Bo% QFEE D + 9
AdI U

HkekE A 7} pyModule Typed] A€ A Q&= FUth X E HH oJEFRE 443 97
A PstE= 3t R E J S AL 4 JdH5 YT 23U, PyModuleDef o] NULL©] o}F'd m_traverse,
clear,m_free;00] ol dm_size; =+ Py_mod_create 0|29 £F 0] 1.0, PyModule_Type
22 whRkgE £ Sy tth

ro, IB T

Py_mod_exec

int exec_module (PyObject *module)

ol2] 7]¢] Py_mod_exec 5] A A, m_slots ¥ G ol YEF= =AU 2 e g Ut
thHA Z 7)1 8}e o gk AFAH §F |82 PEP 4895 2 FHA4IAl L

= AHA]

EI-'E S o b

B

ook

A
T

4

S 271318 488 - okl g Bl $3 9. 15 e 4 480 5 e ol &
EAAE THE AT 285Utk BRES 28] 2713} 58 ¥ pyModule_FromDefAndSpec

PyModule ExecDef& B+ Egsﬂ oF gto]] G2 A A 2

PyObject *PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)
szl A Z 2. F ol def2] A 2] 2} ModuleSpec spec 2. & A 2E AAE w5 Ytk o] AL mod-
ule_api_version®] PYTHON_API_VERSIONCS & A A H pyModule FromDefAndSpec2 () X d 52+

gt
WA 350 F7F

PyObject *PyModule_FromDefAndSpec2 (PyModuleDef *def, PyObject *spec, int module_api_version)
wrEL gk A ZZ. Part of the H4 ABI ¥ A 3.7 o] & 2. API W A module_api_versionS 7} 3Fo], 1A

def ) 7 2] ¢} ModuleSpec spec &2 A BE AA S w5 Uth 89 v H o] A3 F<¢l e xe]E v A}
A 2] 8}A] kO W, RuntimeWarning= ‘ﬂlf\g Al A Yt}
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Zy: o] St4E= YR E pyModule FromDefAndSpec ()< Al Ab &3] oF Ut &43 I

h =4

ol B L8314 A 2

B A 3.50] &7}
int PyModule_ExecDef (PyObject *module, PyModuleDef *def)
Part of the S+ ABI ] A 3.7 0|2 2. defol]l A A H BE A3 &£F (Py_mod_exec)S A &gt

WA 3.50] &7}

int PyModule_SetDocString (PyObject *module, const char *docstring)
Part of the 2+ ABI WA 3.7 o] Z. module® S2~E TS docstring2 2 AUt} o] &
PyModule_Create Y} PyModule_FromDefAndSpec& A& 3}9] PyModuleDef oAl RES ¥
o] AFz o7 s&E U}
WA 350 =7}

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)
Partof the ¢+73 ABI ] & 3.7 o] & £, NULL & & functions ¥] Q2] &<Z modulel] 37} th 718 &2 o
o gt A8 W82 PyMethodDef ABAE FERTA AL (Ff BF o] F &) g7l &, CE +
HAH BE 5“4 (functions)” = WA 02 A AR w7 42 BES $415H, sho| Al FefA9 <l
2E" A WA ELQL -G AVEA wHE YT, o] 3= PyModule_Create W PyModule_FromDefAndSpec
S A}Fg3lo] PyModuleDefoll Al RES WHE ] At 502 TEFH YL

B A 3.50] &7}

int PyModule_AddObjectRef (PyObject *module, const char *name, PyObject *value)
Part of the 2+7 ABI WA 3.10 9| Z 2. module] A& name2 2 F71gUth 52 27|35} oA
AT 5 Qe B B U
43, 02 REEFU T ol 2 A, o & & DA 7] AL -1 & WY o

Return NULL if value is NULL. It must be called with an exception raised in this case.

ALE o

p
static int

add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong(value);
if (obj == NULL) {
return -1;
}
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_DECREF (obj) ;
return res;

The example can also be written without checking explicitly if obj is NULL:
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-
static int

add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong(value);
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_XDECREF (obj) ;
return res;

Note that Py_XDECREF () should be used instead of Py_ DECREF () in this case, since obj can be NULL.
A 3.100] 7}

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)
Part of the 27 ABL Similar to PyModule AddObjectRef (), but steals a reference to value on success (if
it returns 0).

The new PyModule_ AddObjectRef () function is recommended, since it is easy to introduce reference leaks
by misusing the PyModule_AddObject () function.

Fa: F2E FA = o2 59 28, PyModule_AddObject () & A5 Al ol Bk valueol] th st =&
Al gy o

This means that its return value must be checked, and calling code must Py DECREF' () value manually on error.

AHE o

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_ FromLong (value);
if (obj == NULL) {
return -1;
}
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_DECREF (obj) ;
return -1;
}
// PyModule_ AddObject () stole a reference to obj:
// Py_DECREF (obj) 1s not needed here
return 0O;

The example can also be written without checking explicitly if obj is NULL:

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong (value);
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_XDECREF (obj) ;
return -1;
}
// PyModule_ AddObject () stole a reference to obj:
// Py_DECREF (obj) 1is not needed here
return O;
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Note that Py_XDECREF () should be used instead of Py_DECREF () in this case, since obj can be NULL.

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)
Part of the Q73 ABL Add an integer constant to module as name. This convenience function can be used from
the module’ s initialization function. Return —1 on error, O on success.
int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)
Part of the 273 ABI. Add a string constant to module as name. This convenience function can be used from the
module’ s initialization function. The string value must be NULL-terminated. Return —1 on error, O on success.
PyModule_AddIntMacro (module, macro)
Add an int constant to module.  The name and the value are taken from macro.  For example
PyModule_AddIntMacro (module, AF_INET) adds the int constant AF _INET with the value of
AF _INET to module. Return —1 on error, 0 on success.
PyModule_AddStringMacro (module, macro)
module®l] A4 4+E F7Hg )
int PyModule_AddType (PyObject *module, PyTypeObject *type)
Part of the 2+7d ABI WA 3.10 o] = 2. Add a type object to module. The type object is finalized by calling

internally Py Type_Ready (). The name of the type object is taken from the last component of ¢ p_name after
dot. Return —1 on error, O on success.

WA 3.9 F7}.

PyObject *PyState_FindModule (PyModuleDef *def)
wiskzk: g 2R, Partof the €17 ABL & A QlE] Z 2] 8] of] ) 3f] defoll A 9502 & AR E ¥1sgh
th o] WA =5 Aot WA BB 7“%1]7}Py5tate AddModule () 2 Q¥ Z 2 E AE] ] A A= o
Aojopdytt. 3 2E AAE ég QALY e =2 e AEo] o} A A A 9o, NULLS

uh kg o
int PyState_AddModule (PyObject *module, PyModuleDef *def)
Part of the 2+ ABI W 7 3.3 o] & ﬂ*oﬂ Add 25 AAE JdHZ e dejo] dZ2dUth ol&
PyState_FindModule ()& B3] & A ‘?ﬂ/\ﬂi g 4= = T}
G A 27131 AHESte] wHE BEolw 23 U th
ol HE RES UYTE 3 T RFo7 PyState AddModule S T &3lng, % 273} 7
Sl A BESE de ALY AU FAAU. 1wl AA 2719 220 25
PyState_ FlndModu eg TSt Aot HAAA o] DUt o] e FE UL UX
EvAYUESE FASH AT AGUTH(EH TE5HA Y, B3 AFE Aol th 3 A g W] 8- o 3)
TS ’E}EQEE’H).
TS A= GILS W3 oF g oh
Return 0 on success or -1 on failure.
B A 3.30] F7}.
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int PyState_RemoveModule (PyModuleDef *def)

Part of the 27 ABI WA 3.3 ©] & Z. Removes the module object created from def from the interpreter state.
Return O on success or -1 on failure.

8.6.3 O|E{zl|0|E ZHA|

shol 12 7 /9] g ol El ol &) AA & AlFHILE A, ADL ol |l _getiten () HAZE
A3 Ao o] A D29} AF T SAE 2l AA 9} SR 4 F (sentinel) % AH§5HL, A D20 7}
FEof 3 ZeES TE3, TE AE o] HEE uf o]H o] dE FTEFTh
PyTypeObject PySeqIter_Type
Part of the °+73 ABL PySeqgiter New ()& W AR~ o it iter () W o] b d Q1 x} & 4
of o5l wekA ol el ol § AA ol th T & AA.
int PySeqIter_Check (PyObject *op)
op®] Bo] pysegiter Typeo|d F& EHF YT o] T4+ T4 4T Foh
PyObject *PySeqIter_New (PyObject *seq)
WEEFGL: Al FE. Part of the 97 ABL UWF AR A7 seq} B 253 o E ¢ o]
AR 7Y B 2~2THA A4 A IndexErrors 92 7] o] g o] o] Ty th

i

i)
riet
i)
v
kv

PyTypeObject PyCallIlter_Type
Part of the °+7 ABL PyCalllter New()2titer () W& &2 F QX & 210 o3| viskH o] ] &
o] ¥] AA| el thst & AA.

int PyCallIter_Check (PyObject *op)
ope] Bo| pycallliter Typeold F& = F UL o] &4+ FAF T UTH

PyObject *PyCallIter_New (PyObject *callable, PyObject *sentinel)
wrELZk: A ZZ. Part of the 97 ABL M 28 ol o8& S F Yttt A AA wj7| M callable-S
W W4 ol BB 4 Gt RE shold Fel B AN & YwUTh 2 522 ol el o] 4 Tk
IR o ‘31-51-0]] ok st t}. callable 0] sentinel 2¢ 74L& 7F2 vLEsld U

oy

8.6.4 CIA3EIE A

“Qaage e Age R 2 REE 7Saie AA YU TASS B AA 9 DA o Azt
PyTypeObject PyProperty_Type
Part of the 7 ABL W F t23 9 H JE5S 9353 AA.
PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
wreh gk A ZZ. Part of the 9+7 ABL
PyObject *PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)
vk ek gk A ZZ. Part of the 9+7 ABL
PyObject *PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)
wrEk gk A ZZ. Part of the 9+7 ABL

PyObject *PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped )
WL A
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PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)
ezl A ZHZ. Part of the ©+7 ABL
int PyDescr_IsData (PyObject *descr)
2T HE AR descr7h vl o8] o] ER]REE 7|5kl Q1o 001 obd k& Rigela, MM =S Ve
ot 02 S F UL deser= Y2 HH 1‘11] ol ok Futh &7 A e sy th
PyObject *PyWrapper_New (PyObject*, PyObject*)
vk ek gk A 2=, Part of the 9+7 ABL

8.6.5 =2i0|A ZHA|

PyTypeObject PySlice_Type
Part of the 2% ABL &2}o] 2~ AR 2] § A7, o] AL Fro A A2 s1icest ZLUT)
int PySlice_Check (PyObject *0b)
ob7} &ekel 22 AR W F2 MG U bt NULL ] ok]ojof Fth. o Bt G4 4T FuITh
PyObject *PyS1ice_New (PyObject *start, PyObject *stop, PyObject *step)
WSk A ZHZ. Part of the QH7 ABI. Return a new slice object with the given values. The start, stop, and step
parameters are used as the values of the slice object attributes of the same names. Any of the values may be NULL,
in which case the None will be used for the corresponding attribute. Return NULL if the new object could not be
allocated.
int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_. WiZE 1 *step)
Part of the ¢+7 ABL Z o] 7} length 1 A| B 2E 713 51 o], & eho]l 2 A A sliceol| A] start, stop X step <1 &
2 7P U length Bt 2 A8~ E ﬂlﬁi A 2 gt
A3shE 02 WBstT, oW o9 A4 glo] -1 WA (A2 F S} None o] oh L
Az Hee A o= ?&, oluf = ol 9] & A A stal ~1& vEEFU .
o] 7152 A8 BT AR £ ¥ AT
W7 3.200 4 W7 Aol = slice Pl 7} W =2] Wi 7] M4 o] pysliceObject* FF U T
int PySlice_GetIndicesEx (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t
*step, Py_ssize_t *slicelength)

Part of the 7 ABL PySlice GetIndices ()5 &3t A A gyt 2 o) 7} lengthQl Al A5 7}
A 3lo], Eefol 2 A A slice ol A start, stop & step AN 25 7} 2 31, slicelength o] € 8Fo] 29 Dol &
ARk A ol A1 2 ik S ool 9] 2% AHE BA LT B

Returns O on success and —1 on error with exception set.

B o YAt AV 24T 5 A AAzelE FARA e Aoz FFEPTh =

W A

PySlice Unpack ()El—PySllce_AdjustIndices ()9 2o 2 A F oot =

e
rlo

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) < 0) {
// return error

}

.

<oz gAg Ut

-

if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {
// return error

I3
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

.
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WA 32004 W7 Aol = slice v 7] H4=2] vf 7] M 4= 3P ©] PySliceObject* JH T

WA 361004 HA: py_LIMITED_APIZ} AT o] JA 2 741/} 0x030504003} 003060000 (&
k3l A] k2 /\]-O]LJ- 0x03060100 °o]A+e] ke =2 "4 A= QO W, PySlice_GetIndicesEx () &
PySlice Unpack () & PySlice_AdjustIndices () & ]-J‘l‘G}‘— Mazs FIAF Yk A2} sart,
stop A step= o] & W FH 7 Yt

WA 36158 d A F: Py_LIMITED_APIZ} 0x03050400X o} 24 1} 0x030600002} 0x03060100
(ZF3IA -3) Aele] oz HAF e pyslice_GetIndicesEx ()& HAH -yt

int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py ssize_t *step)
Part of the V% ABI W] A 3.7 o] & 2, & g}o] 2~ A< start, stop D step Bl o] E] HHE C 52 =
Yt PY_SSIZE_T_MAXH T} 2 3-& PY_SSIZE_T_MAXE Z83] £0|1,PY_SSIZE_T MINED]—
Z+L start 2} stop ¥ PY_SSIZE_T_MINZ Z83] &£0]3, -PY_SSIZE_T_MAX B T} 22 step Zt<
—PY_SSIZE_T_MAXE Z83 =94 Uct.

Return —1 on error, O on success.
B A 3.6.19 7}

Py_ssize_tPySlice_AdjustIndices (Py_ssize_tlength, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t step)
Part of the 2+ ABI ¥ A 3.7 o] 2 2. X A H length Z 0] 2] A|A2E 714 3} start/stop & 2}o] 2 QQEI A S
2T WSS Hold lE st Anl Lotol 2o Helsh ABE YA BT

Eefo]l 9] dolE wiag Ut A AT UL JolH I EE T E3HA] FF YT
WA 3.6.19] =7}

Ellipsis ZHAl|
PyObject *Py_Ellipsis

The Python E11ipsis object. This object has no methods. It needs to be treated just like any other object with
respect to reference counts. Like Py_None it is a singleton object.

8.6.6 MemoryView ZHx|

memoryview AAE C 4% W3] AE o]~ % T AR} vl AN ADD 4 Q= Tol M AA 2 B
Fuch
PyObject *PyMemoryView_FromObject (PyObject *obj)
Qkekgh: A} FH2. Part of the QH4 ABI w3 Ol E] 5| o] 2 & A2 3= 2 A o] Al memoryview 23] S TS
th. obj 7} 22 7] 7} st W3 AlFS A A std memoryview A= Q7| /A7 7F 3, 222 9o Q)

Aol AU Alg- Ak A ol whet ¢ 7l/ﬁ71 g 5 Adsdth
PyBUF_READ

%7 A% HHE 27
PyBUF_WRITE

27 5@ W NS 2P B
PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_f size, int flags)

WSk A ZZ. Part of the VY ABI WA 3.7 o] 2 2. memE 3HE ¥ 3 2 AF-8 319 memoryview 2 A &

b5 Ut} flags= PyBUF_READ \} PyBUF_WRITE % 3tY 49 4 A5 U}

B A 3.30] 7}

i3
o)
[

e
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PyObject *PyMemoryView_FromBuffer (const Py_buffer *view)
ksl gk A ZZR. Part of the S+ ABI ¥ A 3.11 o] 2, Fol A ¥ ¥ FZA viewE 7ZHA+= memoryview
AAE 5t sk vlol E W5 Q] A=, PyMemoryView FromMemory () 7F A3 &= &4
Je}.

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
WBZE: A E. Part of the 473 ABL W7 AE|H 0| AE Aejels A2 RE vmee A% P2
(‘C’ W} ‘F ortran order ) & memoryview 2 A S RHE U th W 2 2] 7} A% A o] ' memoryview 22l =
df W22 E eIy 294 o, AR o] W5 0] A A memoryview= A v E QD AA &
7H Yt

buffertype-2 PyBUF_READ Y} PyBUF_WRITE & 3y 4= 55U th

int PyMemoryView_Check (PyObject *obj)
2 A obj 7} memoryview A A A S WS th A A= memoryviewd] A B FEAE T
T}, o] St = AN Al F Sk T}

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
A& 2+ ¥ 7 & memoryview o] B]F 7] HAMHE O] ZAHE F2]5 Y th myview+ BFE A] memoryview <l
2E Ao U o] AR FS FRlekA] roern g A HAAS o Futh 1382 oW FE
S50l ik,

PyObject *PyMemoryView_GET_BASE (PyObject *mview)
memoryview 7} 7l Wt o 2 = A F A A Ao ©ld = < E Y memoryview 7}
PyMemoryView_ FromMemory () U PyMemoryView FromBuffer () &4 & 3tYUZ WHES R
© W NULLS WY o} myiew+ HFE A] memoryview 12~ 8 A of oF g},

|

U

rlI[I'I

04
A

8
Hol e oFeh H2E 17 ARZ A AP oft B2 A FAsE F 2R PAAA A7 Dol A
o A 2%

— =]
A AR = A Fx AR oy, 7

)

int PyWeakref_Check (PyObject *ob)
Return true if ob is either a reference or proxy object. This function always succeeds.

int PyWeakref_ CheckRef (PyObject *ob)

Return true if ob is a reference object. This function always succeeds.

int PyWeakref_CheckProxy (PyObject *ob)
Return true if ob is a proxy object. This function always succeeds.

PyObject *PyWeakref NewRef (PyObject *ob, PyObject *callback)
w7k A &2, Part of the Q4 ABI. Return a weak reference object for the object ob. This will always return
a new reference, but is not guaranteed to create a new object; an existing reference object may be returned. The
second parameter, callback, can be a callable object that receives notification when ob is garbage collected; it should
accept a single parameter, which will be the weak reference object itself. callback may also be None or NULL. If
ob is not a weakly referencable object, or if callback is not callable, None, or NULL, this will return NULL and
raise TypeError.

PyObject *PyWeakref_ NewProxy (PyObject *ob, PyObject *callback)
WSk 7k Al Z-Z. Part of the 2173 ABI. Return a weak reference proxy object for the object ob. This will always
return a new reference, but is not guaranteed to create a new object; an existing proxy object may be returned.
The second parameter, callback, can be a callable object that receives notification when ob is garbage collected;
it should accept a single parameter, which will be the weak reference object itself. callback may also be None or
NULL. If ob is not a weakly referencable object, or if callback is not callable, None, or NULL, this will return
NULL and raise TypeError.
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PyObject *PyWeakref_GetObject (PyObject *ref)

wksk gk A E ZF2. Part of the QF7 ABL Return the referenced object from a weak reference, ref. If the referent

is no longer live, returns Py_None.

22 MR T o= 0 B2 1A 7 ALg Aol 513 P

PyObject *PyWeakref_ GET_OBJECT (PyObject *ref)

wekgh: W JR. PyWeakref GetObject () & -FAFSHAI N of| 8] AALS 8817 %5
void PyObject_ClearWeakRefs (PyObject *object)

Part of the 2+7d ABI. This function is called by the tp_deal1oc handler to clear weak references.

This iterates through the weak references for object and calls callbacks for those references which have one. It

returns when all callbacks have been attempted.

8.6.8 U=
&

o] AA| AF-g-oll tf &+ A}A)| g+ A B = using-capsules S ZZ 34 Al L.

WA 3,190 F7F

type PyCapsule
o] pyobject®] A H P2 253 g ek, go|d =5 o 2 C IR EFHT
(void* EAE2)S AGa)of sl C B BEO $2FUT o] AL & BEolA Fod C & %
JHE TUE ZEIAAASE = JA Bt ol T35 AHEFHEE, AU X E WAYSS AHE51

[e)
sHoz 2ed BEH FoH CAPI A2 5 g5yt

type PyCapsule_Destructor
Part of the S+7 ABL 7§l o) 3 5}3 2} (destructor) =9 3, o] 2 A Ao Utk

[typedef void (*PyCapsule_Destructor) (PyObject *);

PyCapsule_Destructor 2% 2] o] u|= pyCapsule New () & FZ 3 Al L.

int PyCapsule_CheckExact (PyObject *p)
AR} pyCapsuleold &g EHF UL o] 4+ FFATH U

PyObject *PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)

vt zh: A 22, Partof the V7 ABL. pointer S 7} & 3}5}= PyCapsuled 95 YT} pointer 21 A= NULL

o] obd £ it

Aot o 9] & H A3 NULL S WHEHEH o)

destructor Q1AL 7FNULL o] of U W, AEo] I 2 o] &S AXE TEH Ut

o] AES REY JJEFHEZ A3 Y, nameS modulename . attributename & X A3l of g

t} o] g A 3} o2 5] PyCapsule_Import () & AE3t] AES dXE & 5 5T

void *PyCapsule_GetPointer (PyObject *capsule, const char *name)

Part of the ?+7 ABL & ol A7 pointer& 7}A Ut} Adlstd, o9& 44 sk nULLS REHH

e,
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name ") 7N W= Aol AZR o] 53 A 2ekA vl s of of U‘Hﬂ‘r g ol A7¢d o] F o] NULLO| |,
A name’s NULL o] o] of Ttk 7he] M- C §4: stremp () & AHE-3he] A% ol B2 ¥l o,
PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)
Part of the V7 ABL g ol A" @A 3t A Wkt Asfjstd, o9 & A3 s NULL &
LlaaaBiag
A€ol NULL 9t A8 2= 212 A d Ut o] A2 NULL vk I =
W3] slel W Pycapsule IsValid() W PyErr Occurred()S ARSI A L.
void *PyCapsule_GetContext (PyObject *capsule)
Part of the <73 ABL g ol A7¢H A AdAEE vkt A9 etd, o9 & 488t NULLS
ukek g o,
A€o NULL AHAES 21 AL AP o] AL NULL ¥ TEES Tha BESA BEUTh
H&3] dted W PyCapsule _IsValid() Y PyErr _Occurred () S AFE3IA Al L.
const char *PyCapsule_GetName (PyObject *capsule)
Part of the V7 ABL gl A" @A o] 5= vt A3jstd, o9 & A4 et NULLS WHH
o,
A€ NULL o] 52 2t A2 A YU o] A-SNULL RI T E S tha B3 81 vy 4 83
32 ™ PyCapsule_IsValid() 1/]— PyErr_Occurred ()& AFE3HA Al 2
void *PyCapsule_Import (const char *name, int no_block)
Part of the 2+ ABL. 252 & o EZHENA C AA o st £QAEE dZE Yt} name i 7|
W4 Emodule.attribute 3@ o B HES] WA o] 2L A A8 oF T Th Aeol A name2,
ol A+ 7 H &3] dAlsf oF Tt
53 A o] W pointer & WHERI T AT 3he, o 9 & 4453 NULLE W o,
WA 3.300 4 A A no_block-2 T E3}7} §lUth
int PyCapsule_IsValid (PyObject *capsule, const char *name)
Part of the V% ABL capsule ©] -rr'55]' HEJAE FAFYULE FESH &2 NULL O] ofy T,
PyCapsule_CheckExact ()& E33}1, NULL O] o}d ZAE 7} A AT, YK o] £ o] name v 7|
Haeod AU (€ o] 52 8|2 st W sk AR = pyCapsule _GetPointer ()& FZE
344 2.)

=, PyCapsule_TIsValid ()7} 23S &8s, 25 HZ A (PyCapsule_Get 2. & A& 5l= R E
R

o)l B 5ol 4B o] HAH
A3 7} 4552 AR o 53} QA SHE 00] ol gk MATITE 1Y) ekow 0& WA o
Pt A58 BT

int PyCapsule_SetContext (PyObject *capsule, void *context)
Part of the S+ ABI. capsule | 5-2] ABAE Z B E contextZ d A gt}
3F ot 05 WhghU ok A o8t 00] obd ghE whehatar o 9] & A T

—

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)
Part of the 2+ ABL. capsule | 5-2] 53] A}E destructor 2 73 73 gt}
4E3h 02 WU Th A 8hH 00] obdl gh ¥k o 98 A4 I o,
int PyCapsule_SetName (PyObject *capsule, const char *name)

Part of the V7 ABL capsule | 5-2] 0] &3 name S 2 A A St} NULLO] o} ™, o] 52 AEHT} 2.7
A5 o oF FUth ol AFHE o] name©] NULL O] o} W, o] & 3| Al st 22 B A =3HA] k5T

g8t 02 vha gy ok Asfstd 0] obd e whebstal o 2] & A AT ok
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int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
Part of the Y7 ABI. capsule W 5-2] void Z Q1 €] & pointer 2 4 A3 T} E 2 E= NULLo] o}d 4= 9
e},
4ES1E 02 MAT T A s 00] ofd HE WA of 9

oy

et
ikt
o
)
L
v

8.6.9 Frame Objects

type PyFrameObject
Part of the A S+E API (as an opaque struct). The C structure of the objects used to describe frame objects.

There are no public members in this structure.

H A 3.11 A4 ¥ 7: The members of this structure were removed from the public C API. Refer to the What’ s
New entry for details.

The PyEval_GetFrame () and PyThreadState_GetFrame () functions can be used to get a frame object.
See also Reflection.
PyTypeObject PyFrame_Type

The type of frame objects. It is the same object as types .FrameType in the Python layer.

H A 3.119 A ¥ 7 : Previously, this type was only available after including <frameobject .h>.
int PyFrame_Check (PyObject *obj)

Return non-zero if obj is a frame object.

¥ A 3.119) A ¥ 7 : Previously, this function was only available after including <frameobject .h>.
PyFrameObject *PyFrame_GetBack (PyFrameObject *frame)

Get the frame next outer frame.

Return a strong reference, or NULL if frame has no outer frame.

W7 3.9¢ 7%
PyObject *PyFrame_GetBuiltins (PyFrameObject *{frame)

Get the frame’ s £_builtins attribute.

Return a strong reference. The result cannot be NULL.
WA 3119 7}

PyCodeObject *PyFrame_GetCode (PyFrameObject *frame)
Part of the S+ ABI ¥ A 3.10 o] & 2. Get the frame code.

Return a strong reference.
The result (frame code) cannot be NULL.
WA 3.9 27}

PyObject *PyFrame_GetGenerator (PyFrameObject *frame)

Get the generator, coroutine, or async generator that owns this frame, or NULL if this frame is not owned by a
generator. Does not raise an exception, even if the return value is NULL.

Return a strong reference, or NULL.

WA 3110 37}
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PyObject *PyFrame_GetGlobals (PyFrameObject *frame)
Get the frame’ s £_globals attribute.

Return a strong reference. The result cannot be NULL.
WA 3119 F7}.

int PyFrame_GetLasti (PyFrameObject *frame)
Get the frame’ s £_lasti attribute.

Returns -1 if frame.f_lasti is None.
B A 3110 7).

PyObject *PyFrame_GetLocals (PyFrameObject *frame)
Get the frame’ s £_1ocals attribute (dict).

Return a strong reference.
HZA 3119 7%

int PyFrame_GetLineNumber (PyFrameObject *frame)
Part of the 7 ABI ¥ A 3.10 ©] & . Return the line number that frame is currently executing.

8.6.10 M|L{|0O|E{ ZHA|

Al al ol 8 AA = sholx o] Al ol g o] & & 1Ei £ 78517 |t AA AU dutzow
PyGen_New () T+ PyGen_NewWithQualName ()& WA A2 i%a—% o] ofyz}, S 9 E (yield)
sl @58 olEdl o = ato] whE ol Pu T,
type PyGenObject
A ol e AA o] AHEH = C F2A.
PyTypeObject PyGen_Type
A o g Aol s Fahe B A
int PyGen_Check (PyObject >kob)
ob7k AV el ol ] AR W 2E £ % U Th obi NULL O] ohu]ojof hTh. o] B4t B4 42T
int PyGen_CheckExact (PyObject *ob)
ob2] ol pyGen Typeol™ & EF UL ob= NULLO] ofHo]of Ut o] 3t FA 4T3
U,
PyObject *PyGen_New ( PyFrameObject *frame)
BESgk: ) Z2. frame A A o) 7] 6EEE ) A o o B AR E S o] MAFU T o] T4 frameo] v 3
FzxEF %ﬁ Yot QA= NULL O] ofy o] of ghy Tt}
PyObject *PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObjecr *qualname)
WkEEk gk Al F 2. frame A Ao 7188 Al Al o] E 7 ElEine name__ 3}
__qualname__ = name 2 qualname 2 43 1t} o] J—’f— = frame of tf ?} 7,51’5_ = %@] Ut} frame

AAFE NULL O] ofyf o] of gt
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8.6.11 I FEl x|

W7 3,50 7%
228 A £ async 71922 QR P47} ksl A
type PyCoroObject
R ERELENEES )
PyTypeObject PyCoro_Type
229 Ao Sk o 2.
int PyCoro_CheckExact (PyObject *ob)
ob2] @ ol pyCoro_Typeol® & WHAF UL ob= NULL Y 5 iU o] e FA 4T
PyObject *PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)
ukskzk: A 73}5_ frame A S 71902 Al I FE AAE A &Yt _ name_ I}
__qualname__ < name I} qualname 2 AR U th o] 4= frameol T3 AR E S H UL frame

o1 A= NULL Y —’F As YT

ot

8.6.12 ZHEIAE {4 ZH|

WA 3.7 7).
WA 371004 ¥73:

3 o] 3714 BRE ALYAE WHSE C APIS A W o] PyContext, PyContextVar X
PyContextToken th4l PyObject EAEHE AR 3IEE HA

// in 3.7.0:
PyContext *PyContext_New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (wvoid) ;

ZEABE W82 bpo-34762F F2 8 Al L.

o] A A= contextvars BRES s Z2 C APIo] s xHA 8] A9 o).
type PyContext

contextvars.Context AAE et = o AR5 = C FXA.
type PyContextVar

contextvars.ContextVar AA|E Yl & 0] AH&5 = C FZA.
type PyContextToken

contextvars.Token ZAAE YW= o AFREH = C XA
PyTypeObject PyContext_Type

context -5 JERY & & AA.
PyTypeObject PyContextVar_Type

AdAE A5 §L e 8 A,
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PyTypeObject PyContextToken_Type
;qEﬂ/\E tﬂ/\Ezai L].ﬂq,ﬂ‘—b‘ﬂ 71J;<1]
g A A=
int PyContext_CheckExact (PyObject *0)
o7} PyContext_Type ol & E2|F U o= NULLO] ofojof Ut o] e B ATH
Uk,
int PyContextVar_CheckExact (PyObject *0)
07} PyContextVar_Type o] & 8 F UL} o= NULLO| ofjojof gyt o] Sk A
Q23T
int PyContextToken_CheckExact (PyObject *0)
07} PyContext Token_ Type 80| Z& S8 &} o= NULL©] o] o] ok St} o] dh A
4E U
AU e A B B4
PyObject *PyContext_New (void)
Rhggk: Al g A2 0 AEMAE AR S vyt of 8 72 sk NULL
PyObject ¥*PyContext_Copy (PyObject *ctx)
uhehgh A BE AYE o AYAE AR|9] e BARS U h o8 /b 24 shE nuLL S whEke
Ui,
PyObject *PyContext_CopyCurrent (void)
HEShgk: A 2. AR A= AHAES] e HAHES gEU T of 2] b B A S NULLS W o
int PyContext_Enter (PyObject *ctx)
A 220 AA AYAER S ARG TUTH T A 02 WHakaha, o A 12 WP T,
int PyContext_Exit (PyObject *ctx)

frt

g .

cx AN AEES W BB oW AYLES BA 2929 AR AY e BAFPUTH AT A 02
ukekshar, of e Al -12 whegh o
AE2E WS P

PyObject *PyContextVar_New (const char *name, PyObject *def’)
=1 e S | R N ContextVar AAE DEULH name 7] AL ERZARSAG I E2RH O
AU def 7] Rr e AE2E A0 7230 AT 5 A5 U T NULL-E 7] 28 9l YUtk
ol 2] 7} Y8, o] %‘#t NULL-E RE&Hghy
int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
A 2E Lol kg /b gt 233 Bk el b RS 1S BT, gho] A4
glo] olei7h @A s ghow 0g MEgh
A AE W57 AN, alier 1AL /M A EAE L FUh AYAE 57 EAH A o
9, value= th5< 7+e] AU th
o default_value, NULL ©] o} H;
o var?] 7|87k, NULL o] o H;
e NULL

NULL Y W & A& 3ta, o] g+ A F2E vhsghyoh
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PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
Mgk A 2z, A4 AUl A vard] S vale AR T o WA thF A B2 AHE
HEEESEA W, of 2] 7F A8 8h e NULL 2 HEERe U o

int PyContextVar_Reset (PyObject *var, PyObject *token)
var AEAE W49 AElE wkenS ¥FHESE Pycontextvar Set () & A9 AEH 2 A d At}
o] = AF Al 0= st of| 2 Al -1 WHERhY T

8.6.13 DateTime ZHA|

o Fet R} A 2 A A 7L datetime BREONA AlFH YT o] F4-E AHESE7] Aol 3l T 51 datetime.
h7h &2sol £ of of il (Python.h 7} EF3A Gl KAL), ANA O 2 BE 275} G5
QX Z pyDateTime IMPORT WlZ 2 E & of gl mja2 2= C FXA 0 st ZAEE 2 mja =z
of| Al A}-&5] = static A4 PyDateTimeAPIol @5 U th
type PyDateTime_Date

This subtype of PyOb ject represents a Python date object.

type PyDateTime_DateTime
This subtype of PyObject represents a Python datetime object.

type PyDateTime_Time
This subtype of PyOb ject represents a Python time object.

type PyDateTime_Delta
This subtype of PyOb ject represents the difference between two datetime values.

PyTypeObject PyDateTime_DateType
This instance of Py TypeOb ject represents the Python date type; it is the same object as datetime.date in
the Python layer.

PyTypeObject PyDateTime_DateTimeType
This instance of PyTypeObject represents the Python datetime type; it is the same object as datetime.
datetime in the Python layer.

PyTypeObject PyDateTime_TimeType
This instance of Py TypeObject represents the Python time type; it is the same object as datetime.time in
the Python layer.

PyTypeObject PyDateTime_DeltaType
This instance of Py TypeOb ject represents Python type for the difference between two datetime values; it is the
same object as datetime.timedelta in the Python layer.

PyTypeObject PyDateTime_TZInfoType
This instance of Py TypeOb ject represents the Python time zone info type; it is the same objectas datetime.
tzinfo in the Python layer.

UTC A 2Eo] AN 287 )8 w2z

PyObject *PyDateTime_TimeZone_UTC
UTCE UEt = A ) A S EL u3tetuth datetime.timezone. . utc 2 22 A
WA 3.7 7}

g A AR

A

19Ut
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int PyDate_Check (PyObject *ob)

ob7} PyDateTime DateType & ©] A PyDateTime_DateTyped] A H 3 o] S Z&F 1t} ob
£ NOLL o) oo of itk o W4 4 AT

int PyDate_CheckExact (PyObject *ob)
ob7} PyDateTime_DateType 3ol ¥ & B FUTH ob=NULLO] ofjojof gt o] T4 A4
BESEES

int PyDateTime_Check (PyObject *ob)
ob7} PyDateTime_DateTimeType & o] A PyDateTime_DateTimeTyped A H o IS =

2 F YT} ob= NULL O] ofyolof Ut o] = P AT I

int PyDateTime_CheckExact (PyObject *ob)
ob7} PyDateTime_DateTimeType & o] H & E8Z T} ob+=NULL?| o}t o] ok 3t} o] Sk =
4 A F e,

int PyTime_Check (PyObject *ob)
ob7} PyDateTime_TimeType o] A Y PyDateTime_TimeTypel A H §o|H IS & EUTh ob
£ nuLL o] opuofof g h o] gt B4k AF T,

int PyTime_CheckExact (PyObject *ob)
ob7} PyDateTime TimeType @ ol < F2F YT ob= NULL O] o ofof gyt o] o= 4
4F T

int PyDelta_Check (PyObject *ob)
ob7} PyDateTime_DeltaType & o] A} PyDateTime_DeltaTyped A H 3o IS E8 =1 th
ob= NULL 0] ob] o] of U TF. o] Bt A A FHICH

int PyDelta_CheckExact (PyObject *ob)
ob7} PyDateTime_DeltaType @ o] 2 Z]F Tl obe= NULLO| o} ojof gt} o] St =
T BEdUh

int PyTZInfo_Check (PyObject *ob)
ob7} PyDateTime TZInfoType & o] AU PyDateTime_TZInfoTypel AXHE o] I} =7
o). obi= NULL o] o} o] of g th. o] F B4k AE U T

int PyTZInfo_CheckExact (PyObject *ob)

ob7} PyDateTime TZInfoType & o] & 8] F T} ob+= NULLO| ofojof gt} o] 4=
P AT FUTH

o)
AW

AANE HEE IR

PyObject *PyDate_FromDate (int year, int month, int day)
sk A ZA2R. AAE J, D, 49 datetime.date AA|E Wit}

PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second, int

usecond)

vk A FxAAZED 9, 4, Y, AL B 2 D ufo]a R 29 datetime.datetime AAE WS
U,

PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute, int

second, int usecond, int fold)

Wz A R AAE d, 9, A AL B, F, mpo] 32 % W fold9] datetime.datetime 21| & Wk
).
B A 3.60] F7}.
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PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)

ez A B2, AR AL B, 2 D upo] 22 29 datetime.time A4S WL
PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)

Hkskzh A ZR. AARE A B, 2, ulo] a2 % 9 folde] datetime.time A E W3 o)

A 3.60] &7}

PyObject *PyDelta_FromDSU (int days, int seconds, int useconds)

HEEh gk A A2 AAZE 4, 2 L upola 2% 5 YEY = datetime.timedelta A A S WHEHgH

Ut} A3 nlo]la 2 %9} 27 datetime.timedelta A0 &) A E HY o A=F A 137}

s
PyObject *PyTimeZone_FromOffset (PyObject *offset)

wrEk gk A FZZ. offset QA AR JEN R = o] & 0] Qe 1A 2 Z A9 datetime.timezone A=

s EU.

B A 3.70] &7}

PyObject *PyTimeZone_FromOffsetAndName (PyObject *offset, PyObject *name)

wEEk 7k A ZZ. offset 1AL} tzname name 2. 2 Y EFW A= 1A L Z A Q] datetime.timezone 2 A

s E8s4th

B A 3.7 &7}

R AA A BEE FE AR, AR+ A B FH (74 PyDateTime_DateTime)E E T3
PyDateTlme,Date/l Axgxofof Futt AAE NULL o] ofy o of shm, & AAMSHA] b5 th:
int PyDateTime_GET_YEAR (PyDateTime_Date *0)

Fint 2, d< vksheh ot
int PyDateTime_GET_MONTH (PyDateTime Date *0)

1914 127}A] 9] int &2, 9 wH3ghy ot
int PyDateTime_GET_DAY (PyDateTime_Date *0)

1o A 317kA1 9] int 2, -5 vy h.
%mMﬁJMMWﬂgggégﬂ%Wﬂguﬂﬂ%ki~%ﬂ¢%§§]ﬁPﬂmmﬁmeDﬂeﬂmﬂ
QlEl o] of g Th QAR NULLo] op] o] of 58], L A A 9}
int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *0)

FH 237kA] 9] int 2, AlE WY Tk
int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *0)

05 € 597}A 2] int 2, &L Wkt o}
int PyDateTime DATE_GET_SECOND (PyDateTime_DateTime *0)

HE] 5971A 9] int2, 2 & s}
int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *0)

0-E] 999999 7}#] 9] intZ, ufo] 22 22 Wt}
int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *0)

0914 17+ 9] int 2, 2= 2 wk3kgh o).

B A 3.60] &7}

PyObject *PyDateTime_DATE_GET_TZINFO (PyDateTime_DateTime *0)

Return the tzinfo (which may be None).

B A 3.100] &7}
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AL AANAN BES FEoh= AR, AA= MH Fej2E 2 F3te] PyDateTime Timed] ALF Lo of

Ut} ¢1AH= NULL o] ofy o] of &t &2 AALEEA] 95U th:
int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *0)
058 237k2] 9] int 2, A S WHgh o)
int PyDateTime TIME_GET_MINUTE (PyDateTime_Time *0)
RE) 59747 9] int 2, B2 M EF o)

int PyDateTime TIME_GET_SECOND (PyDateTime_Time *0)
HE 59744 9] int®, 22wk o).
int PyDateTime_TIME_GET_MICROSECOND (PyDateTime_Time *0)
FE) 999999742 9] int 2, mlo] T2 2 & Whehg ).
int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *0)
0o A 174 9] int 2, 2= 2 Wkshgu o).
HZA 3.60 F7}
PyObject *PyDateTime_TIME_GET_TZINFO (PyDateTime_Time *0)
Return the tzinfo (which may be None).
WA 3.109] F7}.

A e AR oA T EE FESE= 0|32, QX ]——‘5 B FPAE £351] pypateTime Deltad] QA

®20f of FUTh. Q1A= NULL o] of ] ofof 515 B-& AAFSLA] ek Th:
int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *0)
-999999999 of] A 999999999 7} 2] 9] int =2, & & wrE-sty ).

WA 3.30] F7}.

int PyDateTime DELTA_GET_SECONDS (PyDateTime_Delta *0)
HE] 86399714 9] int 2, & & W&t}

B A 3.30] F7}.

int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime_Delta *0)
09 A4 9999997} 2] 2] int £, ufo] I B X & wislsh o}

B A 330 27}
DB APIE 7335t= 52 HoE gl mja=:

mlm

PyObject *PyDateTime_FromTimestamp (PyObject *args)
wkek gk A #FZ. Create and return a new datetime.datet ime object given an argument tuple suitable for
passing to datetime.datetime.fromtimestamp ().

PyObject *PyDate_FromTimestamp (PyObject *args)

HEek gk Al #H2. Create and return a new datet ime . date object given an argument tuple suitable for passing
todatetime.date.fromtimestamp ().
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8.6.14 Objects for Type Hinting

Various built-in types for type hinting are provided. Currently, two types exist — GenericAlias and Union. Only
GenericAlias is exposed to C.

PyObject *Py_GenericAlias (PyObject *origin, PyObject *args)
Part of the 2+ ABI WA 3.9 o] & 2. Create a GenericAlias object. Equivalent to calling the Python class
types.GenericAlias. The origin and args arguments set the GenericAlias ‘s _ origin__ and
___args___ attributes respectively. origin shouldbe a Py TypeObject*,and argscanbea PyTupleObject*
or any PyObject*. If args passed is not a tuple, a 1-tuple is automatically constructed and __args___ is set
to (args, ). Minimal checking is done for the arguments, so the function will succeed even if origin is not a

type. The GenericAlias ‘s__parameters__ attribute is constructed lazily from __args__. On failure,
an exception is raised and NULL is returned.

Here’ s an example of how to make an extension type generic:

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"__class_getitem_ ", Py_GenericAlias, METH_O|METH_CLASS, "See PEP 585"}

}

© B7]:
The data model method ___class_getitem__ ().
WA 390 =7}

PyTypeObject Py_GenericAliasType

Part of the 2+ ABI W] A 3.9 o] & 2. The C type of the object returned by Py_GenericAlias (). Equivalent
to types.GenericAlias in Python.

B A 3.9 F7}.
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See also Python Initialization Configuration.

Pl 3+& AFR5}7]) Aol Py_Initialize () T4E

— PyImport_AppendInittab ()
- PyImport_ExtendInittab ()
- PyInitFrozenExtensions ()
- PyMem_SetAllocator ()
- PyMem_SetupDebugHooks ()
- PyObject_SetArenaAllocator ()
- Py_SetPath()
- Py_SetProgramName ()
- Py_SetPythonHome ()
- Py_SetStandardStreamEncoding ()
- PySys_AddWarnOption ()
- PySys_AddXOption ()
- PySys_ResetWarnOptions ()
o« AH 3
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- Py _IsInitialized()

PyMem_GetAllocator ()
- PyObject_GetArenaAllocator ()
- Py_GetBuildInfo()
- Py_GetCompiler()
- Py _GetCopyright ()
- Py_GetPlatform()
- Py_GetVersion()
- +EeHE:
- Py_DecodeLocale ()
o HEE] dgak

- PyMem_RawMalloc ()

PyMem_RawRealloc ()
- PyMem_RawCalloc ()

- PyMem RawFree ()

ZF31:  The following functions should not be called before Py Tnitialize(): Py_EncodeLocale (),
Py_GetPath(), Py GetPrefix(), Py GetExecPrefix(), Py_GetProgramFullPath(),
Py_GetPythonHome (), Py_GetProgramName () and PyEval_InitThreads ().

Ao oo Zeart AAFHY, 32 L FH AAFA A5yt dE £, bt
Py_BytesWarningFlag S 1Z AA 3} -bb+ Py _BytesWarningFla +

Q

it
[\®]
fru
>
o
o
A
=

int Py_BytesWarningFlag
bytest} bytearray$® str<, = Dbytes S int} 8|S o Z1E Ly stct 28t 3 AY
zow e e Ty
-bFHoE ATt
int Py_DebugFlag
% 247 7 29 AUTHAEA DS, A5 S46l o 2 Th.

int Py_DontWriteBytecodeFlag
00] ol gro= AAHY, vl W hs BES YEE Tl .pye U2 2293 347 BTk
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int Py_FrozenFlag
py_GetPath ()X & AN AR5 AT o 2] WX A& EAI8HA] gkt
Private flag used by _freeze_module and frozenmain programs.

int Py_ HashRandomizationFlag

PYTHONHASHSEED €7 W7k Hlo] QA ¢b& 28 & A4 12 4t
e 27H00] oF ¥, PYTHONHASHSEED &7 W& ¢lo] v sjAl A =& 273t

int Py_IgnoreEnvironmentFlag
Ignore all PYTHON* environment variables, e.g. PYTHONPATH and PYTHONHOME, that might be set.

-Egt-IFAo = AFg YTk
int Py_InspectFlag

2IHEZA A Axtz A
2IHEU PSS AYT

o
-1 A3} PYTHONINSPECT 3+
int Py_InteractiveFlag
—igHog AAHYTH
int Py_IsolatedFlag

Ag] 22 glo|AS APt AE RE A sys.paths 2T HEQ tJAE B = A& ALY site-
packages T H B 2] = Et?: sk2] k5 Ut

-I AR AAH YT
WA 340 27}
int Py_LegacyWindowsFSEncodingFlag

If the flag is non-zero, use the mbcs encoding with replace error handler, instead of the UTF-8 encoding with
surrogatepass error handler, for the filesystem encoding and error handler.

PYTHONLEGACYWINDOWSFSENCODING 7 W7} H]o] QA 3o Batd e AAE W 12 A4}
ZFA| 8 )82 PEP 5295 A3 A &
Availability: Windows.

int Py_LegacyWindowsStdioFlag
If the flag is non-zero, use io.FileIO instead of io._ WindowsConsoleIO for sys standard streams.
PYTHONLEGACYWINDOWSSTDIO 3+7 W7l vlo] 9lx] ke Exd g AAEH 12 A3}
AN 8 )82 PEP 528 2314 Al £
Availability: Windows.

int Py_NoSiteFlag

2 site QEE oo ST E sys . pach] Ao E £4 A 222 AU Th E ol
siteE WA Ao R X E Tk ol2gt 222 v AU TH(EP A S ¥ site.main () &
TESAHAL).

-sFAeE AAFFE YT
int Py _NoUserSiteDirectory
2 = site-packages FII= =& sys.pathol] F7}3}A] &FU )

-s9} -1 34, 18] 1 PYTHONNOUSERSITE 37 W42 A A H Yt}
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int Py_OptimizeFlag

-0-$ 437 PYTHONOPTIMIZE 37 w2 AA=EUth

int Py_QuietFlag

313 REAE AZAR WA WA A S FAISHA] kst
-q ,:,/‘:1 oz /\JZJQL]Q_
B A 3.20] &7}

int Py_UnbufferedStdioFlag

stdout 3} stderr 2E L2 v ¥ g ) A| st == A Tt
-u 4137} PYTHONUNBUFFERED &7 W42 dAH Ut}

int Py_VerboseFlag

wgo] 27349 Wity 259 9K (Aol p g = g
270 2oH, RES AAT u A& 2 shdel B3 WAAE ANFUTH EF FE A

gelol ek A HE AlFduch

—v &4 3} PYTHONVERBOSE 37 W42 A A g th

9.3 ClE{=Z2|E] X 7|5} ujo|=e|~ 0| M

void Py_Initialize ()

Part of the 7 ABL 3}o]| A QB Z Bl & 2733t} Tho) W2 W43
Sho] R/C API 42 A18517] Aol B2 of Fich @ 747) oo = s}

This initializes the table of loaded modules (sys .modules), and creates the fundamental modules builtins,
__main__ and sys. It also initializes the module search path (sys.path). It does not set sys.
argv; use PySys_SetArgvEx () for that. This is a no-op when called for a second time (without calling
Py_FinalizeEx () first). There is no return value; it is a fatal error if the initialization fails.

o o
i, o

A,
FESHAA L.

3 AEfoH, & REE O_TEXTOA 0_BINARY 2 AT UL, C HEFL S A3t 252
H] gho] W ARgo &= &g v H Yt

void Py_InitializeEx (int initsigs)

Part of the °+* ABIL This function works like Py Initialize () if initsigs is 1. If initsigs is 0, it skips
initialization registration of signal handlers, which might be useful when Python is embedded.

intPy_IsInitialized()

Part of the 9+7 ABL d}o]# Qe Z g7} 2785 god zL(oo] ofd) L wistalw, 122 ko
AR0)S FUTh Py FinalizeEx () 7}V EEH &, Py_Initialize ()7} ThA] 3 %% wf 712

74 e B,

int Py _FinalizeEx ()

Part of the 273 ABI ¥ A 3.6 ©]Z Z. Undo all initializations made by Py _Initialize () and subsequent
use of Python/C API functions, and destroy all sub-interpreters (see Py_NewInterpreter () below) that were
created and not yet destroyed since the last call to Py_Tnitialize (). Ideally, this frees all memory allocated
by the Python interpreter. This is a no-op when called for a second time (without calling Py_Initialize ()
again first). Normally the return value is O. If there were errors during finalization (flushing buffered data), —1 is
returned.

o] B4t ol 7hA] o] &2 A2 H 2o 3§z I AAE DW Al 212
% Sho] W& TAl A| &SI AS 4 FUTH FH R 28 4 9l& gho] Hejg] (£ DLL) of| A]

£
=
o
oo
oo
[k
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Sho] W QETHEE TESR LS 2T 1YL DLLES AR E 5}7] Ao spolalo] Fibel wE v w el S
AL AL + AwUth S8 22 adolA vme FrE e B s 38 228
R 87 Aol so] Mol A B B E WL B AL 4 AT,

Bugs and caveats: The destruction of modules and objects in modules is done in random order; this may cause
destructors (__del__ () methods) to fail when they depend on other objects (even functions) or modules. Dy-
namically loaded extension modules loaded by Python are not unloaded. Small amounts of memory allocated by
the Python interpreter may not be freed (if you find a leak, please report it). Memory tied up in circular references
between objects is not freed. Some memory allocated by extension modules may not be freed. Some extensions
may not work properly if their initialization routine is called more than once; this can happen if an application calls
Py_Initialize () and Py FinalizeEx () more than once.

Ql =} §lo] ZFA} o] W E cpython. PySys_ClearAuditHooks & WA UL}
WA 3.690 71

void Py_Finalize ()

Part of the 9+ ABL ©| A& Py FinalizeEx ()9 oA WA 335 = w3l gHS T A 5= A Y
yrtt.

9.4 T2 MA A o7 Ha

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)

This API is kept for backward compatibility: setting PyConfig.stdio_encoding and PyConfig.
stdio_errors should be used instead, see Python Initialization Configuration.

This function should be called before Py Initialize (), if itis called at all. It specifies which encoding and
error handling to use with standard IO, with the same meanings as in str.encode ().

It overrides PYTHONIOENCOD ING values, and allows embedding code to control IO encoding when the environ-
ment variable does not work.

encoding and/or errors may be NULL to use PYTHONIOENCODING and/or default values (depending on other
settings).

Note that sy s . stderr always uses the “backslashreplace” error handler, regardless of this (or any other) setting.

If Py FinalizeEx () is called, this function will need to be called again in order to affect subsequent calls to
Py Initialize().

Returns 0 if successful, a nonzero value on error (e.g. calling after the interpreter has already been initialized).
WA 340 27}
WA 31178 A

void Py_ SetProgramName (const wchar_t *name)

Part of the °+7% ABI. This API is kept for backward compatibility: setting PyConfig.program_name should
be used instead, see Python Initialization Configuration.

(=) o] = Py Initialize(ﬂ}ﬂ%iiiéﬂ 7] Aofl EEF ook FUth. IH 2 H
oA 22 main () Pl ek argv([0] AR 2 LB FUH (9] & 242 MAH U,
°| A2 Py_GetPath ()940}?414 o= U‘?"ﬂ/ﬂ Aejzele Ay std Add
B2l g g d AR gyt 71232 "'python' Ytk °17<}— JEZ‘%‘S_ AP ot 141301

35 Al ‘%t A AF2 002 S gol= FAE S 7Fe A oF Tt Fhold B L2 H 9
Ex ol AR YgS WA sk

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

RO
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HA3115E FH A%

wchar_t *Py_GetProgramName ()

Part of the Q73 ABIL Return the program name set with Py Set ProgramName (), or the default. The returned
string points into static storage; the caller should not modify its value.

This function should not be called before Py_Tnitialize (), otherwise it returns NULL.

B A 3.100)| 4] ¥ 7 : It now returns NULL if called before Py Initialize ().

wchar_t *Py_GetPrefix ()

Part of the Q7 ABI. Return the prefix for installed platform-independent files. This is derived through a number of
complicated rules from the program name set with Py_ Set ProgramName () and some environment variables;
for example, if the program name is ' /usr/local/bin/python’, the prefix is ' /usr/local’'. The
returned string points into static storage; the caller should not modify its value. This corresponds to the prefix
variable in the top-level Makefile and the ——prefix argument to the configure script at build time. The
value is available to Python code as sys.prefix. Itis only useful on Unix. See also the next function.

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

A 3.100)| A] ¥ 7 : It now returns NULL if called before Py_Initialize ().

wchar_t *Py_GetExecPrefix ()

Part of the 2+% ABIL Return the exec-prefix for installed platform-dependent files. This is derived through a
number of complicated rules from the program name set with Py SetProgramName () and some environ-
ment variables; for example, if the program name is ' /usr/local/bin/python’, the exec-prefix is '/
usr/local"'. The returned string points into static storage; the caller should not modify its value. This corre-
sponds to the exec_prefix variable in the top-level Makefile and the ~—exec-prefix argument to the
configure script at build time. The value is available to Python code as sys . exec_prefix. Itis only useful
on Unix.

)
s
o
Zi

SHACHY 48 5193 2§ dholsel ool the Y g =
A x| ol A, a‘?\”ii“—?z—? g d-L /usr/local/plat A B E g9
/usr/locald AX=E 4 9}\%141;]—

Aojet AZES o AEFF9 5—51‘%]1/]"/} Oﬂ Eo] Solaris 2.x &<
ro %%‘i%ﬁi 7&—?6‘}%] 9k Solaris 2.x 2 A 3 3} Intel 7] Al = T2
7:1 Ut 22 &9 AAY Az g F
3 A A= E]'E o] k7] d U t}; o]l &t
Zhglow, 9l FArd ®2 AP Ut
%?ﬂd% =94 ?:]Oﬂ 4’3}’1‘37\]9— (2 ol E< AL st=d
TE5A YY),
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Zvel| /usr/local & #8352 mount L} automount 2 713-& A3t B
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This function should not be called before Py _Tnitialize (), otherwise it returns NULL.

# A 3.100)| A ¥ 7 : It now returns NULL if called before Py_Tnitialize ().

wchar_t *Py_GetProgramFullPath ()

Part of the °+7% ABI. Return the full program name of the Python executable; this is computed as a side-effect of
deriving the default module search path from the program name (set by Py_SetProgramName () above). The
returned string points into static storage; the caller should not modify its value. The value is available to Python
code as sys.executable.

This function should not be called before Py _Tnitialize (), otherwise it returns NULL.

B A 3.109)| 4] ¥ 73 : It now returns NULL if called before Py_Tnitialize ().
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wchar_t *Py_GetPath ()

Part of the 2% ABI. Return the default module search path; this is computed from the program name (set by
Py_SetProgramName () above) and some environment variables. The returned string consists of a series of
directory names separated by a platform dependent delimiter character. The delimiter character is ' : ' on Unix
and macOS, '; ' on Windows. The returned string points into static storage; the caller should not modify its value.
The list sys . path is initialized with this value on interpreter startup; it can be (and usually is) modified later to
change the search path for loading modules.

This function should not be called before Py _Tnitialize (), otherwise it returns NULL.

7 3.100)| 4] ¥4 7 : It now returns NULL if called before Py_Initialize ().

void Py_SetPath (const wchar_t*)

const

const

const

Part of the S+7d ABI ¥ A 3.7 o] & &, This API is kept for backward compatibility: setting PyConfig.
module_search_paths and PyConfig.module search_paths_set should be used instead, see
Python Initialization Configuration.

Set the default module search path. If this function is called before Py Tnitialize (),then Py_GetPath ()
won’ t attempt to compute a default search path but uses the one provided instead. This is useful if Python is
embedded by an application that has full knowledge of the location of all modules. The path components should
be separated by the platform dependent delimiter character, whichis ' : ' on Unix and macOS, '; ' on Windows.

This also causes sys.executable to be set to the program full path (see Py_GetProgramFullPath ())
and for sys.prefix and sys.exec_prefix to be empty. It is up to the caller to modify these if required
after calling Py_Tnitialize ().

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

The path argument is copied internally, so the caller may free it after the call completes.

WA 3.8 A ¥ 7 The program full path is now used for sys .executable, instead of the program name.
WA 3115 9 X =,

char *Py_GetVersion ()
Part of the <+7J ABL o] 3to] % QIEJZ 2] H 9] WA S w3y th o] AL o33 22 FAE YU th

["3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]1"

The first word (up to the first space character) is the current Python version; the first characters are the major and
minor version separated by a period. The returned string points into static storage; the caller should not modify its
value. The value is available to Python code as sys .version.

See also the Py_ Version constant.

char *Py_GetPlatform ()

Part of the 2+7 ABI Return the platform identifier for the current platform. On Unix, this is formed from the
“official” name of the operating system, converted to lower case, followed by the major revision number; e.g.,
for Solaris 2.x, which is also known as SunOS 5.x, the value is 'sunos5'. On macOS, itis 'darwin’'. On
Windows, itis 'win'. The returned string points into static storage; the caller should not modify its value. The
value is available to Python code as sys.platform.

char *Py_GetCopyright ()
Part of the <73 ABL @A sto] X W Ao gk 34 A2t EAE & vkt o & S0
'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'’

HhekE FAE 2 AH A4 E R ULE Sk e A kg U o] 2 vejd 1=
o) Al sys.copyright & AF&3 4= 9l Th

9.4.

D2 MA A of7H Ha 195



The Python/C API, 2 2|A 3.11.14

const char *Py_GetCompiler ()

TAE S A AFAE M AULE S22 #E 30 B Uth o] 2 JtojH I =
oA H4 sys.versiond dX & AlZH Yt}

const char *Py_GetBuildInfo ()

Partof the 9+ ABL @A) shol Q16 e8] Qg o] Alds ME e UE da 9 A 2ol ot AR
BT o8 5

i

["#67, Aug 1 1997, 22:34:28"

HhetE FAE S A A AFAE 7H AU S22 g2 SANAE U o] 2 gojH 3=
oA W4 sys.versiond 4R E AFH Yl

void PySys_ SetArgvEx (int argc, wchar_t **argv, int updatepath)

Part of the Q73 ABI This API is kept for backward compatibility: setting PyConfig.argv, PyConfig.
parse_argvand PyConfig.safe_path should be used instead, see Python Initialization Configuration.
arge H argvoll 71¥Fe Al sys.argvE ARZFUTE o] M7} Rlps 22 I main () Fol A4
A5 §ALBA W, R AR G5 o] Shol A AE| B8 TG A 5o ohet AWE AaYE
el 2z of Brhe Aol o] dgith ARG ATAET} oW, agre] 3 WA FEL W
dd 5+ dFUth ol F57t sys.argy 27|13l A S, Py Fatalbrror ()& ARS8t A H A
%7 EA T

updatepath 7+ 001, 01 71742 7} o] 47} sh= RE AAUTh. updateparh 7+ 00] ohUH, T4t Th
gare]Eol et sys.pathe A Y TH

. 71E 23 ES o) Fol argv(0] 22 AW, ATHET e PAH e Ae) A=} sys.
path 2ol %7} o,

33 FOW (5, arge7t 001 At} argy (0] ©] /1E 3} o] §2 el 7| A O W), sys.path
ool ¥l #2440 F7HE UTh, o] = AR ¢ Tl e ) (n. ") E el F7b5He A RE T

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

See also PyConfig.orig _argvand PyConfig.argv members of the Python Initialization Configuration.

ZF31: Itis recommended that applications embedding the Python interpreter for purposes other than executing a
single script pass O as updatepath, and update sys.path themselves if desired. See CVE-2008-5983.

3.13 o] d WANME, PySys_sSetArgv ()& =% A A sys.path AE $F 22 A A5l
ZE2HE 2 T AFU ol E ol thES AHE Sl

[PyRunfSimpleString("import sys; sys.path.pop(0)\n");

WA 3.1.300] 27}
A3 11EE R =,

void PySys_ SetArgv (int argc, wchar_t **argv)

Part of the 73 ABI. This AP is kept for backward compatibility: setting PyConfig.argvand PyConfig.
parse_argv should be used instead, see Python Initialization Configuration.

o] &4 = python AEH ZEH 7 -12 A ZFH XA ¢+ 3 uwpdatepath 7} 12 A F =
PySys_SetArgvEx () A3 2534t}
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Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
See also PyConfig.orig_argvand PyConfig.argv members of the Python Initialization Configuration.
WA 3400 A A A: updatepath 32 -1 0 whet thE U o
WA 3115 29,
void Py_SetPythonHome (const wchar_t *home)

Part of the +7 ABI. This API is kept for backward compatibility: setting PyConfig.home should be used
instead, see Python Initialization Configuration.

712 < gddeE, & 2% gold gelB gy XS AAF AU AR FALY o=
PYTHONHOME & X3} Al L.
QA 2P AR B G0l WARA Pt FA AFL Y002 B
7he] Aof gt sto] A QIE Z 2B == ©] XV“‘J 141 = WAsHA sy
Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
WA 3. 115E 3 A=,

wchar_t *Py_GetPythonHome ()

Part of the 97 ABIL  Return the default “home”, that is, the value set by a previous call to
Py_SetPythonHome (), or the value of the PYTHONHOME environment variable if it is set.

rr
filo

£

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

7 3.100)| A] ¥4 7 : It now returns NULL if called before Py_Initialize ().

9.5 AQE AENQI MY OlE|{Z2|E| &

sholl A Z B S8 2= AT G T B 2 ol 22 g e AU A,
shol A AA o HASHA AM 257] Ao A A =7} HF ok s A H = H & 5L GILo] ekl
s Ao o] 9aUTh % glolt, b e A4 AE b 2dE me R EAE 9od &
YU o2 o, T 2A =S SA 6] 2 AR F2 A5 E FNAW, Fx A57HF Wo] ohd @

o e =wt JPOVﬁ AA oA 2HE A ato] K/C API T+

% 2yet7] 98] JEzElEH e AV Ho2 AfE dE 38 .
setswitchinterval () & Q‘i‘é‘]—’,\j AlQ). 2L 3ty Q7| 279 28 AR A B2 7)) /O Ak T &)
A% HAH B2, 15 ThE Sol A Ad =7 A9 4 95T

vo]l M Qe Z 8Bl PyThreadState Bh= H| o] B LR % ‘ﬂ LH o] 29 = ¥ F 7] (bookkeeping) %‘EE X3
Uth &4 pyThreadstate & 78] 7] = st A9 W4 S5 Ut PyThreadState_Get () 2 AFR-3}
o a2 4 e

9.5.1 & IA=0M

GIL
GILE 27she o) 34 TEs Thed 2L 098 722 5o 9

ay
<
o

Save the thread state in a local variable.
Release the global interpreter lock.
. Do some blocking I/O operation ...
Reacquire the global interpreter lock.
Restore the thread state from the local variable.

o] 22 vl § AukA o]0 A o] B the5}3}7] S5 B o] M=} 2RI Th
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Py BEGIN_ALLOW_THREADS
. Do some blocking I/O operation ...
Py_END_ALLOW_THREADS

S
fifo
147
kl
oy
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N,
it
247
-
rt
=
re
i
v
v}

Py _BEGIN_ALLOW_THREADS W2 &+ A £
Py_END_ALLOW_THREADS |32+ EE& &4

99 B2 e b mER HFH Ik

AUN]

PyThreadState *_save;

_save = PyEval_SaveThread();
. Do some blocking I/O operation ...
PyEval_RestoreThread(_save);

AREED BT YA e ek 4 ARSAE S0 B Ads Ao AT 2 Baste
A8 T2 AN o ke AP, S0l A7) ol 8 ~ele 4 2eleie A
ol e 2= AEE A FF 5 917 B YU h.
= ge) 916 S A3/ Aol 52 3 S of gyt
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9.5.2 LO|M0| BHEX| 42 ABE

A1 3ho] 4 API(7H) threading BE)E A§3te] 2 S8 BEW, 2= Jejt 4508 Ads B2
Sfol EAH TEA SO 2L, A S ColA B0l 0] (2 Sof A 2= Bel /5ol
9= A AEA 2ol Be el o] o) al), GILS B48HA 91, 152 913 24 = gu) T2 gy
o1& g 2 S0l A Shol W IEE TE ok HE (55 BA AF 8 AR eho] Hef 2o A] A F5He 2 API
2 Q¥ AT, WA 2A= 4o A5 P2 E DSl BEEREE o9 2 =g 523 08, GIL

2 S5, kA 0 shol AIC APL 4GS Al 257 Aol ~dl= ge] £AE S A SEsH,
2= e EOIE S A5, GILS A & kS, b0 2 A d| = Ae) 48 725 s A5 oF I v

PyGILState Ensure ()@} PyGILState Release () &4v o RE AU S 5oz 383 Yrt) C
2HEAA Fol NS SEE by A g 7= 2 E5 Ytk

PyGILState STATE gstate;
gstate = PyGILState_Ensure();

/* Perform Python actions here. */
result = CallSomeFunction () ;
/* evaluate result or handle exception */

/* Release the thread. No Python API allowed beyond this point. */
PyGILState_Release (gstate);

Note that the PyGILState_* functions assume there is only one global interpreter (created automatically by
Py_TInitialize ()). Python supports the creation of additional interpreters (using Py_NewInterpreter ()),
but mixing multiple interpreters and the PyGILState_* API is unsupported.
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9.5.3 fork()Oll CHS 2| AlSt

e S the) B oF B E CFE 288 HL C fork () £2 Al 2d 29 SAYUT fork () & AHE =
HEel NETA AL, 22 A} 22 T 228 BGD 20 AT ek ol F& Ao}
= WP 3} CPython T EFlo] 4138 22 e} B o] 742 ol 3L u] Ay

The fact that only the “current” thread remains means any locks held by other threads will never be released. Python solves
this for os . fork () by acquiring the locks it uses internally before the fork, and releasing them afterwards. In addition, it
resets any lock-objects in the child. When extending or embedding Python, there is no way to inform Python of additional
(non-Python) locks that need to be acquired before or reset after a fork. OS facilities such as pthread_atfork ()
would need to be used to accomplish the same thing. Additionally, when extending or embedding Python, calling fork ()
directly rather than through os. fork () (and returning to or calling into Python) may result in a deadlock by one of
Python’ s internal locks being held by a thread that is defunct after the fork. PyOS AfterFork Child () triesto
reset the necessary locks, but is not always able to.

£ BE 2= AR T A2 3 CPythonA HEFQ AEl 7Fos. fork () 2 7R 2 A DA
A= ojof & JuFUth o] A2 A A Z B &} b2 B E PylnterpreterState 7“7<ﬂ°ﬂ e

£ B E pyThreadState A& F}o 1”F/1Zﬂ o] A 6}% e 9 15“4‘3} o] Z13} “H| Q1”7 QN E] Z 2] Ef Y
T 5O R A3l fork () & CPython M HEpQ o] A2l Z7]5hd Bz o] “ri Q1” e =of| A uk
E5 oo FUTh F e Q)= exec() 7t L T SA TEH = AU

e C g BES AYSA Y shol A AB mel B E R ) b AN 0 2 AL & B3 84k

type PyInterpreterState
Part of the A| 3+5 API (as an opaque struct). ©] A5 F+Z =
Wt 22 A Z ol &5t 28 == 2E HE
TF2A = TN A7 U Th

U AHZ Y £& 2 EE Ag A R, 99 3
ARSI, AgolE R AL B oA dsUth A e zelE =
QAo BAGlo] BE 2 =0 A FHE T

type PyThreadState

Part of the A 3%l API (as an opaque struct). This data structure represents the state of a single thread. The only
public data member is:

PyInterpreterState *interp

This thread’ s interpreter state.
void PyEval_InitThreads ()
Part of the S+7 ABL o} A% 31X k= A A A S,
Fpo] 4 3.63% o] WA A&, o] 7t EASHA F o GILS THEdFU T
H A 3.9004 W7: o)Al o] T obF AYE F8A FF U

WA 37004 WA o] s o)Al Py_Initialize () ol S8 EEFH A, AH 22 H< F
227t sy

WA 3204 W7 o] ¥4 B Py _Initialize() A TE2T 5 gl Uth

WA 3,978 2.

fin)
fofs
e
ok
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int PyEval_ThreadsInitialized()

Part of the 27 ABI. Returns a non-zero value if PyEval_InitThreads () has been called. This function
can be called without holding the GIL, and therefore can be used to avoid calls to the locking API when running
single-threaded.

W A 3.7 A ¥ 7 : The GIL is now initialized by Py_Tnitialize ().
WA 3,978 A .

PyThreadState *PyEval_SaveThread ()

Part of the 2+7] ABL (RFE QI THE) A< Qe z 2l g S& A3t 28l = Aej & NULL 2 A4 3 3},
o A¥ = ZE(NULL o] obd YT & WUt Fo] e o, A4 KU =Tt F& F5FooF

g o,

void PyEval_RestoreThread (PyThreadState *tstate)
Part of the 9t ABL (THEUTHH) A QEj|Z g &2 &
tstate 2 A AU} Eo] e FH T, AA A=
12 el 7 g s o

’E}EH—% NULL ©] o} o] o} &}=
kolof duch 282 gkod

O

ZF31: Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing() to
check if the interpreter is in process of being finalized before calling this function to avoid unwanted termination.

PyThreadState *PyThreadState_Get ()
Part of the V7 ABL @7 ~¥ & Aej & whshuoh A ez 28 55 Bl of Futh dA 24
E AZEi7FNULL o]’ X A <l o 2 7} AU o (2 A TE AV NULLS &9 27 U h.
PyThreadState *PyThreadState_Swap (PyThreadState *tstate)
Part of the V73 ABIL. 3 A ~¥= ”EH E QA A} sstate(NULL L 5 IS5 Y
Agmgth Ao AHZelE =2 8 e ok shul o)A 4 Shauleh
= dre 2t 22 AZAE AR S, A B AEz e E e 525 A st
PyGILState_STATE PyGILState_Ensure ()
Part of the <+7 ABL @A 2~ E7F sto] Mo A ey Ao Q¥ z ey S #A glo] gfol A
CAPIZ 323 1|7 H A=A FAF YUt} o] AL 7z £ 0] PyGILState Release ()l thak
ST AE o2 B 2d oA Yoke B ol W 52T 5 Jwdch Aoz, Ad= g
Bl 7} Release() Ao o] A /‘]'EHE BAE = St pyGILState Ensure ()@ PyGILState Release ()

TE ol thE 28 = HE APIE AR ¢ s th ol E E9l, Py_BEGIN_ALLOW_THREADSS}
Py_END_ALLOW_THREADS WA 2 2] AA}A o] A&-& 585 Urth

WS ghe PyGILState Ensure ()7} ZEH Y WO 28 = Ao the BEFH T “A S o)A, 1}
ol o] L Aefo] YEE dle]H PyGILState Release ()& AEE o] oF gt} ZH:H

Hogts, ol A= o%%*-*r“’“ﬂr/} PyGILState Ensure ()] thst 2+ 1§ &
PyGILState Release ()°] 3t =& Y& S A A3l oF g

47 e ), @4 AdEE GILS REeta 0] Told TEE 55 4 dGUTh Ads
%A ol 2] QI LT,

th 7} Al g et 28 = A e

( ]Iol’

¢

ZF31: Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing() to
check if the interpreter is in process of being finalized before calling this function to avoid unwanted termination.
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void PyGILState_Release (PyGILState STATE)
Part of the V4 ABL o Ae] S 9 R A0S AAGUT o] £F Fol, kol 1] FEl = A
PyGILState Ensure () % o]} ZHUth (2 ey g8 02 o] JEHl&= SE Aol Al &8 A A
QkolA], GILState APIE AH-8-3HU Th).
PyGILState_Ensure()o] Y3 BRE TEL 28 Ag oA PyGILState Release ()] that &
E3} 88 ol %ok G u

PyThreadState *PyGILState_GetThisThreadState ()
Part of the °+73 ABL o] 28| =2 AR 28| = XS 7143 Yt &R 28 =) A GILState API7} AF-&
= A O}A):itﬂ NULL L2913 4 Q)& W 9 Ag oA AHs A E AME] & = (auto-thread-state call)
o] —’F—ﬁﬂﬂ 2 2 AR, #H < ﬁEﬂE"ﬂ% g olE st 28 = AE 7 Aol Fo Al L. o] A2
F2 % ou/A0 g4

int PyGILState_Check ()

A 2=/ GILES HA5h 90w 12 Mashn 184 o 02 HHFULh o Pt op

o BE 2l =0l A 538 4 Jsth stolal Ad|= AH 7l 27155 91 B4 GILE Bgaa

e w12 WA o) AL 22 ELu)An ALY o F So] T AAE e

I F5ol A §8F 5 A, Gllel &4 Urhe A2 IH 32 UL A4S S AFAL
A

a8 god e
B A 3.400 =7}
= MMAZEE A2 TP AU FE glo] AREHUTE Thol & A v Z ol A AL o] & ZEO A A Q.
Py_BEGIN_ALLOW_THREADS
Part of the <+ 7 ABI o] ®wj] 7 & = { PyThreadState *_save; _save =
PyEval SaveThread(); & &FF Yttt o= %“‘é’iﬂ' 285 S FoFAHAIL; FAuk
Py_END_ALLOW_THREADS =229} dAsoF gt o] W 01] EH 8k ApA S YL 9 E
735—5}’& Al L.
Py END_ALLOW_THREADS
Part of the 173 ABIL. ©] Wl Z 2 = PyEval_RestoreThread(_save); }Z &ZAH Yt 2= 535
7} 2= o] 9L G BNAL; ol A Py BEGIN _ALLOW THREADS W) A&} & X]3) oF gt} o]
I 2o o 5 AA 3 82 91 & FRSIAH A L.
Py_BLOCK_THREADS
Part of the QF7 ABIL. o] W] 2 & &= PyEval_RestoreThread(_save); Z FF Ut 2 =523 7}
Q= Py _END_ALLOW_THREADSS} ZS St}
Py_UNBLOCK_THREADS

Part of the V7% ABI. o] Wl 2% _save = PyEval_SaveThread(); & &FF Ut = 52359}
W A Ado] §l= Py BEGIN _ALLOW _THREADSS} =53t th

API

©
(9)]
($)]
>
3
R

%
-
rr

BS¥ Py Initialize() ©]3 o] &5 ooF gth
JNA WA Py Initialize()E o)A GILE 27|83 Th

z

rzi tlo

PylInterpreterState *PyInterpreterState_New ()
Part of the ?+7J ABL *H Az Bl ol AAE WUtk A9 dH 22y S5 K e+ AT,
o] Gol 3t T2 APFH ok WA T 5 AU

Q1 2} Qlo] ZHAF o|HIE cpython.PyInterpreterState NewS WA Al U Th

[kl
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void PyInterpreterState_Clear (PylnterpreterState *interp)
Partof the ¢+7 ABL QB Z 2|8 A e AA|o] RE AERE QLA A9 o Z 2 B2 HG3foF
S,

oIz} §lo] ZHA} o] Wl E cpython.PyInterpreterState_ClearS HAA B Yt
void PyInterpreterState_Delete (PylnterpreterState *interp)

Part of the S+ ABL QE]Z 2] ] A8 24 & s dUth. A< QdE|zZ2g S L B/ 2
Qe Z 2| E] AElE PyInterpreterState_Clear ()l EHE} ol TE=E NG BH Aok

PyThreadState *PyThreadState_New ( PylnterpreterState *interp)
Part of the 973 ABL F0]%] OJEJ 2] Ao £51= A Ad = A AR S DS Uk A olg e H
S HFT 2o+ AL o] go vt a5 A HSs okt B o s UTh

void PyThreadState_Clear (PyThreadState *tstate)
Part of the S+4 ABL 2~#|= Ae) 2AA2] & AHE AQAATUT A ez =& H-{5)of
.

M A 3904 MA: o] T4 = o]A PyThreadState.on_delete EME T E UL o|Ao=
PyThreadState_Delete ()X T&Y5HYTh

void PyThreadState_Delete (PyThreadState *tstate)
Part of the °+7 ABL ¥ = AE] AAE gyt A Adg =g
2 = AElE pyThreadState_Clear ()o 3t o] d S &2 A A A

void PyThreadState_DeleteCurrent (void)

Destroy the current thread state and release the global interpreter lock. Like PyThreadState_Delete (),
the global interpreter lock need not be held. The thread state must have been reset with a previous call to
PyThreadState_Clear().

PyFrameObject *PyThreadState_GetFrame (PyThreadState *tstate)
Part of the ¢+ ABI W] A 3.10 o] 2 2. }o]H A# & A sstated] A 8 d& 7FA Y th
Return a strong reference. Return NULL if no frame is currently executing.
PyEval_GetFrame () & FZ3A AL
tstate~= NULL ©] o}1] o] of gt}
B A 3.9 F7}.
uint64_t PyThreadState_Get ID (PyThreadState *tstate)

Part of the 2+73 ABI WA 3.10 o] 2, u}o] W A& = AFH sstate?] T -73F 2~ = AHE] A E RS 7HA
U},

fstate+= NULL ©| o}1] of of 3+t
WA 3.9 F7}.

PylnterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)
Part of the QF ABI WA 3.10 o] & 2. g}o| M A3 = AE) sstated] QA E ZEEHE 7FA 3 U T

fstate~= NULL ©] o}1] o] of gt}
WA 3.99 F7}

void PyThreadState_EnterTracing (PyThreadState *tstate)
Suspend tracing and profiling in the Python thread state tstate.

Resume them using the PyThreadState_ LeaveTracing () function.

WA 311 7}
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void PyThreadState_LeaveTracing (PyThreadState *tstate)

Resume tracing and profiling in the Python thread state fstate suspended by the
PyThreadState_EnterTracing () function.

See also PyEval_ SetTrace () and PyEval_SetProfile () functions.
WA 3119 7}

PylInterpreterState *PyInterpreterState_Get (void)
Part of the F73 ABI W7 3.9 o] 3 2. A Qe Z 2 E & 7}AFUTh

AR sholl 2d = AE 7t GAY AA Az ow X F A of 62 PP NULLE
uheHE 4 gl Ut

ZEAh= GILE H 5 oF gt
W 3.9 F7}
int64_t PyInterpreterState_GetID (PylnterpreterState *interp)

Part of the V7% ABI WA 3.7 o] T 2, Q= 2|89 1§ IDE w33ttt 224 st o 2] 7} 228 5}
 -10] BEE 31 ol 2 7 A g U th

T ZEAE= GILS ® &3 oF 3 th
WA 3.7 =7}

PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)
Part of the 2+ ABI ¥ A 3.8 o] 2 2, A ZE B Hl o] 7} A FE 4= J= A 8 & 13
G4 /PNULLE MEEE o9l = A A Q9L TEA dE m el B 2§ AT 5 Sk
7173l of g,

o] 21 ggo] JIE Z B el B EE Aok vl A8l oF k= PyModule GetState ()& WA
ah 2ol obg YT,
w7 3.8¢ 7%
typedef PyObject *(*_PyFrameEvalFunction)(PyThreadState *tstate, _PylnterpreterFrame *frame, int throwflag)
EEEE Rt}
throwflag M| 7} W= Al F @l o] 81 9] throw () I = A AFEH U T 00] of U™, A A o 9] & 2§
k.
W 3.900 A M A: o Al Fep = sstate 7} M 4E F YT
W A 3.11 9| A ¥ 7 : The frame parameter changed from PyFrameObject* to_PyInterpreterFrame*.
_PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)
ER R e N RS 2
PEP 523 “CPythonol] Z & 9 37} APl 717 & JFR A Al L.
WA 399 7}

void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _PyFrameEvalFunction
eval_frame)

=8 d Pt ege-E AR FEYh
PEP 523 “CPythonoll =& 9] 7} API 7P 2 223141 A 2.
B A 3.9 &7}
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PyObject *PyThreadState_GetDict ()

W MY A Parrof the 914 ABL 20l A= ) 3 E ALY 5 gle G AU S 0BG
HER 2 2L g el A E A gshe v A8 R 1R A1 ARe s o g @ o
A8 % e w ol §58 TEHE Nk o 47k NULLE WS, of 9= B SHA %3k
EEAE BA 0= AU E AT 5 ek 2 sl oF g,

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)

Part of the Q% ABI. Asynchronously raise an exception in a thread. The id argument is the thread id of the target
thread; exc is the exception object to be raised. This function does not steal any references to exc. To prevent naive
misuse, you must write your own C extension to call this. Must be called with the GIL held. Returns the number
of thread states modified; this is normally one, but will be zero if the thread id isn’ t found. If exc is NULL, the
pending exception (if any) for the thread is cleared. This raises no exceptions.

H A 3.7 A ¥ 7 : The type of the id parameter changed from long to unsigned long.

void PyEval_AcquireThread (PyThreadState *tstate)

Part of the 2+ ABL. A9 AEHZ 2 E F& 5310 A 28 = A& tstate 2 A AT} sstate=
NULL O] o}y ojof Ut &2 o] A of k50 Z ZloJojok Ty}, o] Ay Zof oju] Fo] Qlow, Wzt
AHE] 7 2R g o

Z31: Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_TIsFinalizing() or sys.is_finalizing() to
check if the interpreter is in process of being finalized before calling this function to avoid unwanted termination.

WA 389 A WA PyEval_RestoreThread(), Py_END_ALLOW_THREADS () %
PyGILState Ensure ()& HHESF A= o, A=z g7} stold gl A o] d st &<

TEHE AN s TS

PyEval_RestoreThread ()= (AHEZ 27|39 A GG wj 22D A AL 4 Q= 14F 3
9.

void PyEval_ReleaseThread (PyThreadState *tstate)
Part of the ¢+ ABL ) A= A E NULLE AAASL A9 ez EL AT B2
o) A WS o] Zo] oF 33 @A ¢l = 7k B 53 of FIch NULLO| of1] o] of i ssare A= A
2= AEE U =4 sk v AR E U Y — 23 A ofowd, WA o2 7t Haug Y
PyEval SaveThread ()< (S¥EZFZ278HH A 2 AFol22h) AT + e dsE T

U,

void PyEval_AcquireLock ()

Part of the Q+7 ABI. Acquire the global interpreter lock. The lock must have been created earlier. If this thread
already has the lock, a deadlock ensues.

WA 32F € 3 X H: This function does not update the current thread state. Please use
PyEval_RestoreThread () or PyEval_AcquireThread () instead.

ZF31:  Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing() to
check if the interpreter is in process of being finalized before calling this function to avoid unwanted termination.

WA 389 A WA PyEval_RestoreThread(), Py_END_ALLOW_THREADS() %
PyGILState Ensure ()¢t @A EE A= Ao, Az e 7t stol e Aol A & Tt
SEEW A 2 s 223

204

Chapter 9. =7|&}, olo|<e|A0|M X A=



The Python/C API, E2|A 3.11.14

void PyEval_Releaselock ()

Part of the 2+7d ABI. Release the global interpreter lock. The lock must have been created earlier.

HA 32588 9 A E: This function does not update the current thread state. Please use
PyEval_SaveThread () or PyEval_ReleaseThread () instead.

9.6 MHE QIE]

|El

2| X|E

o2 A9, &Y gtold Az H RS ARl 22 Z2 AL, o] #H 2 A Eof A o g
SY dHZYHE WEolokote A7 sUTh A BRIz EE 28A &+ A=E g th
‘W9 e m e H e Aetdo] 271548 ) WEol AL A WA Az STk HEL x
fradst stolA AH Z g JUth A B QJAFZ e He g, vl Az E = Al2d A
ZEAA AT AJAZ ZEFUTh B8 e 273 5 AE S ddety dubd o fetd ghold g A
ol Zot &AM A Z B E YUt} PyInterpreterState_Main () e 129 Aejo thdl = AEE
LliacdR =

Py Threadstate Swap () W48 AHEste] A1 QlE mel 6 ho] AT 5 AU The 48 AHE Sl
WEw o8 5 gtk

PyThreadState *Py_NewInterpreter ()

¢

K

Part of the ?t7 ABL A Al B QIH Z2]H & B UTH o] A2 sto] A 7= AP S 93 (H9) &3]
FE &4 JUth 53, M dEZ g Holl= 7|2 EEbuiltins, __main_ YsysE X3}, B E
AZTE HA REY /MY, =g AL 245Ut 229 2F B o] E (sys.modules)I BE A A=
(sys.path)= H/HGUTh A} &A= sys.argv HF7ISUTHE A2 EF V0 2EH 31 A4

sys.stdin, sys.stdout ¥ sys.stderr< Zr5Ut} (¢, 22 35 91 7| &5 i

ks
N
o
T
£

The return value points to the first thread state created in the new sub-interpreter. This thread state is made in the
current thread state. Note that no actual thread is created; see the discussion of thread states below. If creation
of the new interpreter is unsuccessful, NULL is returned; no exception is set since the exception state is stored in
the current thread state and there may not be a current thread state. (Like all other Python/C API functions, the
global interpreter lock must be held before calling this function and is still held when it returns; however, unlike
most other Python/C API functions, there needn’ t be a current thread state on entry.)

the 7} o] (N H) Az E 2ol FHE T
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713} AHg3te BEY AF, A& 9 PyModule Create(), 54 &
2] 9] (&) AHR o] A Utk

o) %7134 31 o BAES] 80
it o whebd BE G AU AR (D) Qe
L0 e EAL A0 5 Atk (o] 1% 2] AL DS BN
Z 8 ¥ 7} Py _FinalizeEx ()9 Py _Initialize()E Z&3lo] &A3] thA] 7]
12 QEE T Aol b A DB R AN L o A%, H9) initmodule
Ut oA 271318} vt A 2, o= C 59 A A9 dauk ol g3t

o u gk,

void Py_EndInterpreter (PyThreadState *tstate)

_>L NI
o7
rod

o
o [k =2 rfn

~—

AN AU R v

E

W o
T, oY
}LL
28

pul

52
i
y o

d

R R S T I [ R )

b ook foh ©, ofy

Part of the 9% ABI. Destroy the (sub-)interpreter represented by the given thread state. The given thread state
must be the current thread state. See the discussion of thread states below. When the call returns, the current
thread state is NULL. All thread states associated with this interpreter are destroyed. (The global interpreter lock
must be held before calling this function and is still held when it returns.) Py_FinalizeEx () will destroy all
sub-interpreters that haven’ t been explicitly destroyed at that point.
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9.6.1 {12} F| Al

Ay ez el e (8 v AEZeE) s 2L mR A0 Q8ol] wEe], 15 7o) Aelo] BHA o
rh— el & 5o, 0s.close () 9 2L A5 E 7Y AL 4G5 Aol dd ol (52 ZL o
40 %) A8 w8 & YaiIeh, (A0) A0z 28 el ol TR L BA ARl A o] A
SEAABE AT ol A B3 T A oS (3 A WAE ST So] 2 e
B A8 AEZH A BE ANE THE (HE) ABzH Y o F B2 4YT + YUk Hsoa
5] o gtk

AE AEZE Zhol AL B9 B, WAL, AAEA EE ZYAE FRAA TS SHH 792
7)o oF gtk ol g Aol o3 AW & PEE A4 FEH (NH) AFzelHe] 2= BE YA
delo] Jae v 8 & A dEAUT A9 ASAA F2T 5 Ut AN FHEA B A= A 2

Fa g
Also note that combining this functionality with PyGILState_* APIsis delicate, because these APIs assume a bijection
between Python thread states and OS-level threads, an assumption broken by the presence of sub-interpreters. It is
highly recommended that you don’ t switch sub-interpreters between a pair of matching PyGILState_Ensure ()
and PyGILState_Release () calls. Furthermore, extensions (such as ctypes) using these APIs to allow calling
of Python code from non-Python created threads will probably be broken when using sub-interpreters.

9.7 H|=7| &2

W ol e =2 e 2=l HlE 7] DS B WAYZo] AlFFUch o2 g &DL FH4 A E 9} void
E91E Aol FejE Ak

int Py_AddPendingCall (int (*func)(void*), void *arg)

Part of the 97 ABL 9l QB 2B Ad|Eo] 4 $5F T4 o kT AEsH 00) MBH 1
func= v 9 2~ S0l ) T2 7] S5 ol 2719 UTh A9 A, 9] 47 glo] ~10] vk,
HEACE Fo HOW, funcs arg AAE A o] A7 wol Qe mele] 2o Sol 4 BEF Tk 4

2

/J—X—] OE/\W‘GHE] ,q,o]uqch]_u]ﬁﬂ;q] 13157];9 oii%ﬂ ‘I?_,r,],
o HpOlE S = A A

o WA AYHET A ez E 28 BG3AA (WEtA funce A A CAPIE AFHRE 4 95U ).

funce 455t 05, Asfstd o9 DA A -1S vt&sf of FUth funce BHE WIE7] ¥HE

AR A0z 28] 95 S A AT, A AH L Zo] HAH W 2 =S A5} 93

o] 43 F9E  Yrvich

o] e Ayste dl A Sd = e Do ekA] Fon], A A ZelE Fo] dR5HA] RFUTh

oA o] & TEstHH TEAVHGILS ERslof Futh. 23 A ko, o4 func

ElEi NN TEH=F ok 5 syt

=

A3 o] 2L v 5dst Aol vt F835h A4-E F YU funcl 7Hs Sk e SEEHTE
B dFUth W AHET A2 $E52 A9 Folgtulmd Al A" §E o] WhEE 7] Ao
3 WIS TS

9] 2] C 2~ = A 3}
A9

.

2900 8 R: o) B} AL AT S 2, e B ol A A2l
97 93 AE AEZ e oA TEHES dlobguth o)A 2 A1 AEZ el e & A7) o o
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o] C 9l 1Yot 34 TET} st A 57 BHE AAE 53 ST o
A= 3BT, A HH CF5E 22T 5 AFUTh A8 B3 =R REE WA A SYHUTh
4 AN 5 Y= 0], 24 Pro] RauE e 8 o MES oA

typedef int (*Py_tracefunc)(PyObject *obj, PyFrameObject *frame, int what, PyObject *arg)
The type of the trace function registered using PyEval_ SetProfile () and PyEval_SetTrace (). The
first parameter is the object passed to the registration function as obj, frame is the frame object to which the event
pertains, what is one of the constants PyTrace CALL, PyTrace_ EXCEPTION, PyTrace_LINE,
PyTrace_RETURN, PyTrace_C_CALL, PyTrace_C_EXCEPTION, PyTrace_C_RETURN, or
PyTrace_OPCODE, and arg depends on the value of what:

what2| Zt arg2| 2|0O|

PyTrace_CALL A} Py None.

PyTrace EXCEPTION sys.exc_info () oA WIEE oo A K.,
PyTrace_LINE 34} Py None.

PyTrace_ RETURN SEAF A EE = gE, = o9 & 913 A o] W NULL.
PyTrace_C_CALL S5 = g4 AA.

PyTrace_C_EXCEPTION X &%+ 34 AA|.

PyTrace_C_RETURN S5 =5 AA.

PyTrace_ OPCODE &4F Py._None

int PyTrace_CALL
Forp vl Sol U ek Al B o] W] Ak, Al ool Bl ek Al §=o] B u] py tracerunc
ol th @t whar Wi 7§ 2] Zh Al 2 o] 8] <ol T 7 o B 7| o] E] &] 234 gz 4o shold
HpolE F == o] Alo] AF o] §l7] wiEoll = A ekl ol st Al L.

int PyTrace_EXCEPTION

flo
:(n)l'_',

o) 9] 7 AN W Pyt racefunc F5 ol ek what v WA g 29 Pt ALz
Yol A o] & =7t A2l F o) 7} AR D ] wharoll B3] o 2= TEH U ol A8 Erp
o 9] Ashz Q18] hol A 28 o] H %71 A UTh o 917 Asks o) 7 2| QO = WHEHG w) Fulo]

=7
SEGUTh 24 B4 w0 o2 o MES S Th Z2slde o BedhA) gyth
int PyTrace_LINE
The value passed as the what parameter to a Py tracefunc function (but not a profiling function) when a
line-number event is being reported. It may be disabled for a frame by setting £ _trace_lines to 0 on that
frame.
int PyTrace_RETURN
TEo| vt M & wf py_tracefunc &40l U3t what v 7| W42 gL
int PyTrace_C_CALL
Cadgrts&9 el & uf Py tracefunc 5ol W) SF what v} 7)) W49] 7k
int PyTrace_C_EXCEPTION
C ol A A7 LS Wl py_tracefunc F4ofl 2 what v 7] <=2 ZL.
int PyTrace_C_RETURN
C &7 w8y u Py tracefunc 5ol th3t what v 7 ¥H42]
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int PyTrace_OPCODE
The value for the what parameter to Py_t racefunc functions (but not profiling functions) when a new op-
code is about to be executed. This event is not emitted by default: it must be explicitly requested by setting
f_trace_opcodes to I on the frame.

void PyEval_SetProfile (Py_tracefunc func, PyObject *obj)

Set the profiler function to func. The obj parameter is passed to the function as its first parameter, and may be
any Python object, or NULL. If the profile function needs to maintain state, using a different value for obj for each
thread provides a convenient and thread-safe place to store it. The profile function is called for all monitored events
except PyTrace_ LINE PyTrace_OPCODE and PyTrace_EXCEPTION.

See also the sys.setprofile () function.
S EAE GILE BEF3F2 gl ojoF gyt
void PyEval_SetTrace (Py_tracefunc func, PyObject *obj)

Set the tracing function to func. This is similar to PyEval_SetProfile (), except the tracing function does
receive line-number events and per-opcode events, but does not receive any event related to C function objects
being called. Any trace function registered using PyEval_SetTrace () will not receive PyTrace_C_CALL,
PyTrace_C_EXCEPTIONor PyTrace_C_RETURN as a value for the what parameter.

See also the sys.settrace () function.

TEAE GILE B3k 9lojof ghuth.

99 113 ClH{AH X|&

ol FFE2 A UM A EFA T A7) 918 A Yy
PylnterpreterState *PyInterpreterState_Head ()
A¥z ey A AA =2 2l HEd e AAE ISy
PylnterpreterState *PyInterpreterState_Main ()
HQl el Z 2 E AFEf AAE WUt
PylnterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)
Aelz el e e AAE2] BB interp 0] 2] th U EH 2] E A A4S a3
PyThreadState *PyInterpreterState_ThreadHead (PylnterpreterState *interp)
A Z 2] H interp ot B E 2= g2EO|A A A pyThreadstate AR & £ HE WHEHS
Y,
PyThreadState *PyThreadState_Next (PyThreadState *tstate)

2+ pyTnterpreterState Ao £33t BE AH & AA| g A2ENA sstate 0] 2] T2 AH &
AE] AAE g T}
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9.10 AgE 2 XA XH

The Python interpreter provides low-level support for thread-local storage (TLS) which wraps the underlying native TLS
implementation to support the Python-level thread local storage API (threading.local). The CPython Clevel APIs
are similar to those offered by pthreads and Windows: use a thread key and functions to associate a void* value per
thread.

ol AT E LT W GILE HFT B2+ suth 252 A S AU
o [e]

Python.hol& TLS APl A&l o] 3= o] QIA] b5l Rt L, 2= 28 AF2E AHEste
pythread.h& E3g5) oF gk},

ZF31: None of these API functions handle memory management on behalf of the void* values. You need to allocate and
deallocate them yourself. If the void* values happen to be PyOb ject*, these functions don’ t do refcount operations
on them either.

9.10.1 A EY XHZEA (TSS - Thread Specific Storage) API

TSS API is introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses a
new type Py_tss_t instead of int to represent thread keys.

B A 3.7 37}
| X17):
“CPythone] ~# =-2 4 A AL 935 A28 C-API” (PEP 539)

type Py_tss_t
o) A48 FaE 2T 719 FElE vrehm, Bl 35 TLS Tl mhet Febd = glom, 7))
2713} e & YR = W& 27 sy th o] FxA = 3 A7 glsyth
Py LIMITED_API7} A= A k& W, Py_tss_NEEDS_INITZ o] 9] A& &to] 3L Yt}

Py_tss_NEEDS_INIT
ol A 2= Py tss_ t WMol X 7)3)} A} (initializer) £ E3F U th o] W2 £ = Py LIMITED_APIo| A
o= A kol oAl L.

Ct

=
[ o

o

,4
2
(3
N
)
off
o

Py_LIMITED_APIZ =3 &3
Py tss_t9 T4 @

Ego 283, A=A FH] EFHNA o] B4 &7

Py tss t *PyThread_tss_alloc ()
Part of the V7% ABI WA 3.7 0|3 &. Py_tss_NEEDS_INITZ 27|39 k3 22 AHefo] 3k
A, 52 &9 A5) A NULLS WEE U o

void PyThread_tss_free (Py_tss_t *key)

Part of the 973 ABI YA 3.7 ©]Z 2. Free the given key allocated by PyThread_tss_alloc (), after first
calling PyThread tss_delete () to ensure any associated thread locals have been unassigned. This is a
no-op if the key argument is NULL.

filo
r]I.
r i
o

Z31: A freed key becomes a dangling pointer. You should reset the key to NULL.
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HME

o] B4 ES9 WA WS key:s NULL O] ofu o of 3y rh T3, FoF Py tss t7h

PyThread_tss_create ()2 27|13 E A O™, pyThread tss_set () PyThread tss_get ()Y

e EEEDEIEE

int PyThread_tss_is_created (Py_tss_t *key)
Part of the QY7 ABI WA 3.7 o] &, 0| X Py_tss_t7} PyThread_tss_create () & 27|35 ¢}
oW 00] ol gHe WhEHEHL T},

int PyThread_tss_create (Py_tss_t *key)
Part of the °+73 ABI W Z 3.7 o] 3 2. TSS 7] 2 7|3}l A-&31H 0 k2 WUt} key QA7) 718] 7] =
Zkol Py _tss NEEDS INITE %713}5 A ¢kod S 2bo] Ao ] 9kt o] S5t 22 7)o A
HNEARoOR 529 5 Jd5Uth- ojn] 273 H 7)o el T =81 ob - dl & 3HA ko FA
AF-& HrEsoh

void PyThread_tss_delete (Py_fss_t *key)
Part of the 27 ABI Hiﬂ 37032, TSS 7] & AHA|3lo] R E AF EoA] 7|9 AHH S A A 5,
719 2713} 2l & 27135 A o2 "G st " 7] T PyThread_tss_create () 2 T}A|
271318 ¢ AF U o] e 22 7 HER R $EE 5 5t o v 3t H 7)o o5l
230 ob e A= 84 U

int PyThread_tss_set (Py_tss_t *key, void *value)

Part of the 973 ABI Y{ A 3.7 o] = &, Return a zero value to indicate successfully associating a void* value
with a TSS key in the current thread. Each thread has a distinct mapping of the key to a void* value.

void *PyThread_tss_get (Py_tss_t *key)

Part of the 4 ABI ¥} A 3.7 ©] & 2. Return the void* value associated with a TSS key in the current thread.
This returns NULL if no value is associated with the key in the current thread.

9.10.2 A E 2E& MEHA (TLS) API

WA 3.75E H A FH: o] API= ~d =8 # A4 (7SS) APIZ ) A5 Ut

B3t o] MAS) APIE int® GASA ANLE &5 @i A Aol R LS 717t A% E EAES
2 Q5}A] eksyTh o] s *L‘“jﬂ—*ﬁoﬂiﬂ PyThread_create_key ()& A A2 SA] 9+&= o, o} 2 TLS
Gt olel T EAEONA B5 olR e U oA gk

HollA A5 a2 ZAZ A8l o] W] APIE A ZE=oA AHGsi A= <t HU
int PyThread_create_key ()
Part of the 2+ ABL
void PyThread_delete_key (int key)
Part of the 2+ ABL
int PyThread_set_key_value (int key, void *value)
Part of the 2+ ABL
void *PyThread_get_key_ wvalue (int key)
Part of the 2+ ABL

void PyThread_delete_key_value (int key)
Part of the Q7 ABL
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void PyThread_ReInitTLS ()
Part of the 27 ABL
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W 3.8 F7F

Python can be initialized with Py_TnitializeFromConfig () andthe PyConfig structure. It can be preinitial-
ized with Py_PreTnitialize () and the PyPreConfig structure.

There are two kinds of configuration:

o The Python Configuration can be used to build a customized Python which behaves as the regular Python. For
example, environment variables and command line arguments are used to configure Python.

o The Isolated Configuration can be used to embed Python into an application. It isolates Python from the system.
For example, environment variables are ignored, the LC_CTYPE locale is left unchanged and no signal handler is
registered.

The Py_RunMain () function can be used to write a customized Python program.
=718}, spold e Aol E 2 Ex FREAHA L.

o ®H7]:

PEP 587 “3z}o] W % 7|5} 41”7,

10.1 Example

T A REO A AYPE = AHEAF A he] R o

int main(int argc, char **argv)
{
PyStatus status;

PyConfig config;

PyConfig_InitPythonConfig(&confiqg);
config.isolated = 1;

(TH& sl oA ol A1)
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(o1& # o] A ol A A<)
/* Decode command line arguments.
Implicitly preinitialize Python (in isolated mode). */
status = PyConfig_SetBytesArgv (&config, argc, argv);
if (PyStatus_Exception (status)) {
goto exception;

status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) A
goto exception;
I3
PyConfig_Clear (&configqg);

return Py_RunMain () ;

exception:

PyConfig_Clear (&configqg);

if (PyStatus_IsExit (status)) {
return status.exitcode;

I3

/* Display the error message and exit the process with
non-zero exit code */

Py_ExitStatusException (status);

10.2 PyWideStringList

type PyWideStringList
wchar t* Ex<E9] glA~E,
length 7} 0©] oFU W, items= NULL©] o} o] of 3t B E £2149 -2 NULL o] ofi] o] of gt
L EGR=S
PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)
item< listoll 37} t}.
ol k5 T &Y ol WS AP 27358l of i Th
PyStatus PyWideStringList_Insert (PyWideStringList *list, Py_ssize_t index, const wchar_t *item)
item< list2] index°l 4+ gt}
index7} list Z o) Bt} A Y 220 W, item< listol] 37} (append) g1 th.
index must be greater than or equal to 0.
ol gt Tk ol WS AR 273} sf oF T
FZRA D=
Py_ssize_t length
ZXE Zol,

wchar_t **items
o= PuE.
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10.3 PyStatus

type PyStatus
2713} g B E A st F2A 4F, ol Ee 5.
oele] A%, el & WE C T ol F2 AFE + sk
TxA =
int exitcode
TR AT, exit () o ALH AL
const char *err_msg
of 2] WA A

const char *func

F9] o] 5, NULL Y & A5 YT

PyStatus PyStatus_Ok (void)
A

PyStatus PyStatus_Error (const char *err_msg)
AR 7} 23 %713} ol 7.
err_msg must not be NULL.
PyStatus PyStatus_NoMemory (void)
w2 g A (M £5).
PyStatus PyStatus_Exit (int exitcode)
AR FE =R ol A FRFULh
AeNE A S B4
int PyStatus_Exception (PyStatus status)

2 RO I R R R S A B B E‘?JHUP Folw, o2& AZsior FUnh; oS =9

Py_ExitStatusException () & Z&3}9].
int PyStatus_IsError (PyStatus status)

A7} ol H A7k
int PyStatus_IsExit (PyStatus status)

A7 S5 AU
void Py_ExitStatusException (PyStatus status)

status 7} E 2 0] exit (exitcode) & T=TYTE status7}F ol 2 o] A ol & HIAI RS A3t 0
olold £g - F £F3JYT} PyStatus_Exception (status) 7} 0°] o}d uf ¥t & &3] oF

Fuch.
F2: YEAo=, o] WL pystatus. func® AF 3 vl M2 E A3 W, func7hNULLE
248 AUE BEE s §5E AT
of:

10.3. PyStatus 215



The Python/C API, 2 2|A 3.11.14

PyStatus alloc (void **ptr, size_t size)

{

int

*ptr = PyMem_ RawMalloc (size);
if (*ptr == NULL) {

return PyStatus_NoMemory () ;
}
return PyStatus_Ok () ;

main (int argc, char **argv)

void *ptr;

PyStatus status = alloc (&ptr, 16);

if (PyStatus_Exception(status)) A
Py_ExitStatusException (status);

I3

PyMem_Free (ptr);

return 0;

10.4 PyPreConfig

type PyPreConfig

Structure used to preinitialize Python.
A TS 27138k B
void PyPreConfig InitPythonConfig (PyPreConfig *preconfig)
shol 4l 4 0.2 b T4-S 278 g ek,
void PyPreConfig InitIsolatedConfig (PyPreConfig *preconfig)
Aol FALR AP A4S 2713 T
TRA =
intallocator
Name of the Python memory allocators:
e PYMEM_ALLOCATOR_NOT_SET (0): don’ t change memory allocators (use defaults).
e PYMEM_ALLOCATOR_DEFAULT (1): default memory allocators.
e PYMEM_ALLOCATOR_DEBUG (2): default memory allocators with debug hooks.
e PYMEM_ALLOCATOR_MALLOC (3): use malloc () of the C library.
o PYMEM_ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc () with debug hooks.
e PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator.
e PYMEM_ALLOCATOR_PYMALLOC_DERUG (6): Python pymalloc memory allocator with debug hooks.

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_DEBUG are not supported if
Python is configured using --without-pymalloc.

vl ie] FelE FRe Al L.

Default: PYMEM_ALLOCATOR_NOT_SET
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int configure_locale
Set the LC_CTYPE locale to the user preferred locale.

If equals to O, set coerce_c_localeand coerce_c_locale_ warn members to 0.
See the locale encoding.
Default: 1 in Python config, 0 in isolated config.

int coerce_c_locale

If equals to 2, coerce the C locale.
If equals to 1, read the LC_CTYPE locale to decide if it should be coerced.
See the locale encoding.
Default: -1 in Python config, 0 in isolated config.
int coerce_c_locale_warn
00] ofy™, C 2A L o] A2 wf Far7} Eyd s
Default: -1 in Python config, 0 in isolated config.

int dev_mode

Python Development Mode: see PyConfig.dev_mode.
Default: -1 in Python mode, 0 in isolated mode.

int isolated
Isolated mode: see PyConfig.isolated.

Default: 0 in Python mode, 1 in isolated mode.

int legacy_windows_fs_encoding

If non-zero:
e Set PyPreConfig.utf8_mode to 0,
e Set PyConfig.filesystem_encodingto "mbcs",
e Set PyConfig.filesystem errorsto "replace".

Initialized the from PYTHONLEGACYWINDOWSF SENCODING environment variable value.

DEFAM L AG 7 FUTh #ifdef MS_WINDOWS A2+ A& 574 ZEA AHEE ¢

sl Ut
Default: 0.

int parse_argv

OO] 0]—\4 Eﬂ, Py _PrelInitializeFromArgs () 3]— Py PrelInitializeFromBytesArgs ()«
Aul shol Mol Y Z QAL PR LA} A 2L PO argy A4 PR EAFY

ok B E AAE BRI
Default: 1 in Python config, 0 in isolated config.

int use_environment

Use environment variables? See PyConfig.use_environment.

Default: 1 in Python config and 0 in isolated config.

10.4.

PyPreConfig
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int ut £8_mode
If non-zero, enable the Python UTF-8 Mode.

Setto 0 or 1 by the -X ut£8 command line option and the PYTHONUTF 8 environment variable.
Also set to 1 if the LC_CTYPE locale is C or POSIX.

Default: -1 in Python config and 0 in isolated config.

10.5 Preinitialize Python with PyPreConfig

The preinitialization of Python:
« Set the Python memory allocators (PyPreConfig.allocator)
« Configure the LC_CTYPE locale (locale encoding)
« Set the Python UTF-8 Mode (PyPreConfig.utf8_mode)
The current preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig.
ol M A 2713} ek o
PyStatus Py_PreInitialize (const PyPreConfig *preconfig)
preconfig A T4 A Shel WL APA 7] 31 e
preconfig must not be NULL.
PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int argc, char *const *argv)
preconfig A7 FA3 ol A shol W& AP 2 7] 3Fg Y T
Parse argv command line arguments (bytes strings) if parse_argv of preconfig is non-zero.
preconfig must not be NULL.
PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int argc, wchar_t *const *argv)
preconfig At /3 ol Al Shol S AR 27133 o
Parse argv command line arguments (wide strings) if parse_argv of preconfig is non-zero.
preconfig must not be NULL.

S &A= PyStatus_Exception ()3} Py_ExitStatusException () < AFR3Slo] oo (B} £8)E
A28l of Fuich,
For Python Configuration (PyPreConfig_InitPythonConfig ()), if Python is initialized with command line

arguments, the command line arguments must also be passed to preinitialize Python, since they have an effect on the
pre-configuration like encodings. For example, the -X ut £8 command line option enables the Python UTF-8 Mode.

PyMem_SetAllocator () & Py Prelnitialize() ©] %ol Py InitializeFromConfig() ©]Z
of Z&3te] A2 B wRY FFAE AAT 5+ ds5UTh  PyPreConfig.allocatorZt
PYMEM_ALLOCATOR_NOT_SETC E AAEW Py Prelnitialize() Ao & 4 A5 T

Python memory allocation functions like PyMem RawMalloc () must not be used before the Python preinitialization,
whereas calling directly malloc () and free () is always safe. Py_DecodeLocale () must not be called before
the Python preinitialization.

Example using the preinitialization to enable the Python UTF-8 Mode:
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PyStatus status;
PyPreConfig preconfig;
PyPreConfig InitPythonConfig (&preconfigqg);

preconfig.utf8_mode = 1;

status = Py_PrelInitialize (&preconfig);

if (PyStatus_Exception(status)) A
Py_ExitStatusException (status);

I3

/* at this point, Python speaks UTF-8 */
Py_Initialize();

/* ... use Python API here ... */
Py_Finalize();

10.6 PyConfig

type PyConfig
shol A T/ A% e shebv H & 2@ T2,
When done, the PyConfig Clear () function must be used to release the configuration memory.
FZA HAE:
void PyConfig_InitPythonConfig (PyConfig *config)
Initialize configuration with the Python Configuration.

void PyConfig InitIsolatedConfig (PyConfig *config)

Initialize configuration with the Isolated Configuration.

PyStatus PyConfig_SetString (PyConfig *config, wchar_t *const *config_str, const wchar_t *str)
Qo= BExY strS *config strZE B AU t)
Preinitialize Python if needed.

PyStatus PyConfig_SetBytesString (PyConfig *config, wchar_t *const *config_str, const char *str)
Decode str using Py_DecodeLocale () and set the result into *config_str.

Preinitialize Python if needed.

PyStatus PyConfig_SetArgv (PyConfig *config, int argc, wchar_t *const *argv)
Set command line arguments (argv member of config) from the argv list of wide character strings.
Preinitialize Python if needed.

PyStatus PyConfig_SetBytesArgv (PyConfig *config, int argc, char *const *argv)

Set command line arguments (argv member of config) from the argv list of bytes strings. Decode bytes
using Py_DecodeLocale ().

Preinitialize Python if needed.

PyStatus PyConfig_SetWideStringList (PyConfig *config, Py WideStringList *list, Py_ssize_t length,
wchar_t **items)

ool B2 B2 E listE length e} items 2 4 A g T}

Preinitialize Python if needed.
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PyStatus PyConfig_Read (PyConfig *config)
BE sjold 7AL Ayt
ojn] 27|39 B=+ WA HA gFUTh

Fields for path configuration are no longer calculated or modified when calling this function, as of Python
3.11.

The PyConfig Read () function only parses PyConfig.argv arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are strippped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Preinitialize Python if needed.

WA 3.100) A4 H7A: The PyConfig.argv arguments are now only parsed once, PyConfig.
parse_argv is set to 2 after arguments are parsed, and arguments are only parsed if PyConfig.
parse_argvequals 1.

WA 31194 HA: PyConfig Read () no longer calculates all paths, and so fields listed under Python
Path Configuration may no longer be updated until Py_InitializeFromConfig () is called.

void PyConfig_Clear (PyConfig *config)
T4 WEEE s Al gtk

Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitialization configuration
(PyPreConfig)inbased onthe PyConfig. If configuration fields which are in common with PyPreConfig
are tuned, they must be set before calling a PyCon i g method:

e PyConfig.dev_mode

e PyConfig.isolated

e PyConfig.parse_argv

e PyConfig.use_environment

Moreover, if PyConfig SetArgv () or PyConfig SetBytesArgv () is used, this method must be
called before other methods, since the preinitialization configuration depends on command line arguments (if
parse_argv is non-zero).

ol WA= -4 j%x}h PyStatus_Exception () ¥ Py_ExitStatusException () & A}&3}o] o] 9]

g E5)E A=l oF gk
FZA =
PyWideStringList axrgv
Command line arguments: sys.argv.

Set parse_argvto 1 to parse argv the same way the regular Python parses Python command line argu-
ments and then to strip Python arguments from argv.

If argvis empty, an empty string is added to ensure that sys . argv always exists and is never empty.
Default: NULL.
See also the orig argv member.

int safe_path
If equals to zero, Py_RunMain () prepends a potentially unsafe path to sys.path at startup:

e If argv (0] isequal to L"-m" (python -m module), prepend the current working directory.

o If running a script (python script.py), prepend the script’ s directory. If it’ s a symbolic link,
resolve symbolic links.
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o Otherwise (python -c code and python), prepend an empty string, which means the current
working directory.

Set to 1 by the —P command line option and the PYTHONSAFEPATH environment variable.
Default: 0 in Python config, 1 in isolated config.
WA 3110 F7}.

wchar_t *base_exec_prefix

sys.base_exec_prefix.
Default: NULL.
Part of the Python Path Configuration output.

wchar_t *base_executable

Python base executable: sys._base_executable.

Set by the _ PYVENV_LAUNCHER___ environment variable.
Set from PyConfig.executable if NULL.

Default: NULL.

Part of the Python Path Configuration output.

wchar_t *base_prefix

sys.base_prefix.
Default: NULL.
Part of the Python Path Configuration output.

int buffered_stdio
If equals to O and configure_c_stdiois non-zero, disable buffering on the C streams stdout and stderr.

Set to 0 by the —u command line option and the PYTHONUNBUFFERED environment variable.
stdin G WY B2 dYg Yt
Default: 1.

int bytes_warning

If equals to 1, issue a warning when comparing bytes or bytearray with str, or comparing bytes
with int.

If equal or greater to 2, raise a BytesWarning exception in these cases.
Incremented by the —b command line option.
Default: 0.

int warn_default_encoding

If non-zero, emit a EncodingWarning warning when io.Text IOWrapper uses its default encoding.
See i0-encoding-warning for details.

Default: 0.
WA 3.100] F7}.
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int code_debug_ranges

If equals to 0, disables the inclusion of the end line and column mappings in code objects. Also disables
traceback printing carets to specific error locations.

Set to 0 by the PYTHONNODERUGRANGES environment variable and by the -X no_debug_ranges
command line option.

Default: 1.
WA 3110 F7}.

wchar_t *check_hash_pycs_mode

Control the validation behavior of hash-based . pyc files: value of the ——check—-hash-based-pycs
command line option.

Valid values:
e L"always": Hash the source file for invalidation regardless of value of the ‘check_source’ flag.
e L"never": Assume that hash-based pycs always are valid.
e L"default": The ‘check_source’ flag in hash-based pycs determines invalidation.

Default: L"default".

See also PEP 552 “Deterministic pycs”.

int configure_c_stdio

If non-zero, configure C standard streams:
« On Windows, set the binary mode (O_BINARY) on stdin, stdout and stderr.
o If buffered stdio equals zero, disable buffering of stdin, stdout and stderr streams.
o If interactive is non-zero, enable stream buffering on stdin and stdout (only stdout on Windows).
Default: 1 in Python config, 0 in isolated config.
int dev_mode
00] oby ™, stold 7t R =5 &3t}
Set to 1 by the —X dev option and the PYTHONDEVMODE environment variable.
Default: -1 in Python mode, 0 in isolated mode.

int dump_refs

Dump Python references?
00] ohul W, 2 A o 23 B4 FEl9l B CESREE

Set to 1 by the PYTHONDUMPREF'S environment variable.

27

rln
i
[l

Need a special build of Python with the Py_TRACE_REFS macro defined: see the configure
—--with-trace-refs option.

Default: 0.

wchar_t *exec_prefix

The site-specific directory prefix where the platform-dependent Python files are installed: sys.
exec_prefix.

Default: NULL.

Part of the Python Path Configuration output.
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wchar_t *executable
The absolute path of the executable binary for the Python interpreter: sys.executable.

Default: NULL.
Part of the Python Path Configuration output.

int faulthandler
Enable faulthandler?

0°] o}y @, A]Z+ A] faulthandler.enable () & S &3 YTh
Setto 1 by -X faulthandler and the PYTHONFAULTHANDLER environment variable.
Default: —1 in Python mode, 0 in isolated mode.

wchar_t *filesystem_encoding

Filesystem encoding: sys.getfilesystemencoding ().
On macOS, Android and VxWorks: use "ut £-8" by default.

On Windows: use "utf-8" by default, or "mbcs" if legacy_windows_fs_encoding of
PyPreConfig is non-zero.

Default encoding on other platforms:
e "utf-8"if PyPreConfig.utf8_mode is non-zero.

e "ascii"if Pythondetectsthatnl_ langinfo (CODESET) announces the ASCII encoding, whereas
the mbstowcs () function decodes from a different encoding (usually Latin1).

e "utf-8"if nl_langinfo (CODESET) returns an empty string.
o Otherwise, use the locale encoding: n1_langinfo (CODESET) result.

At Python startup, the encoding name is normalized to the Python codec name. For example, "ANSI_X3.
4-1968" is replaced with "ascii™".

See also the i lesystem errors member.

wchar_t *filesystem_errors

Filesystem error handler: sys.getfilesystemencodeerrors ().

On Windows: use "surrogatepass" by default, or "replace" if
legacy_windows_fs_encodingof PyPreConfig is non-zero.

On other platforms: use "surrogateescape" by default.
Supported error handlers:

e "strict"

e "surrogateescape"

e "surrogatepass" (only supported with the UTF-8 encoding)
See also the filesystem encoding member.

unsigned long hash_seed

int use_hash_seed
A9 Al T A
If use_hash_seedis zero, a seed is chosen randomly at Python startup, and hash_ seed is ignored.

Set by the PYTHONHASHSEED environment variable.
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Default use_hash_seed value: —1 in Python mode, 0 in isolated mode.

wchar_t *home

Python home directory.
If Py_SetPythonHome () has been called, use its argument if it is not NULL.
Set by the PYTHONHOME environment variable.
Default: NULL.
Part of the Python Path Configuration input.
int import_time
0°] ol d, dEE IS 223 Pyt
Setthe 1 by the -X importtime optionand the PYTHONPROF ILEIMPORTTIME environment variable.
Default: 0.
int inspect
~EPEY HHS AP F 54 BER Sojghth

If greater than 0, enable inspect: when a script is passed as first argument or the -c option is used, enter
interactive mode after executing the script or the command, even when sys. stdin does not appear to be
a terminal.

Incremented by the —i command line option. Set to 1 if the PYTHONINSPECT environment variable is
non-empty.

Default: 0.

int install_signal_handlers
Install Python signal handlers?

Default: 1 in Python mode, 0O in isolated mode.

int interactive

If greater than O, enable the interactive mode (REPL).
Incremented by the —i command line option.
Default: 0.

int isolated

If greater than 0, enable isolated mode:
e Set safe_pathto 1: don’ t prepend a potentially unsafe path to sys.path at Python startup.
e Set use_environment to 0.
e Setuser_site_directoryto 0: don’ tadd the user site directory to sys.path.

o ¥}o]# REPLE tJ3}4] L EZ E oA readlined A FE X% 7]E readline +4 S &4

3ot = syt
Set to 1 by the —I command line option.
Default: 0 in Python mode, 1 in isolated mode.

See also PyPreConfig.isolated.
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int legacy_windows_stdio

If non-zero, use i0.FileTO instead of io._WindowsConsolelIO for sys.stdin, sys.stdout
and sys.stderr.

Set to 1 if the PYTHONLEGACYWINDOWSSTDIO environment variable is set to a non-empty string.
A= Lo A ek AL 7H5 U Th #ifdef MS_WINDOWS WA 2 & 959 E4 T o AL &S
AUt
Default: 0.
See also the PEP 528 (Change Windows console encoding to UTF-8).
intmalloc_stats
0°] ok ¥, & Al 3t pymalloc W 2 2] 21l tf 3 FA S @23t
Set to 1 by the PYTHONMALLOCSTATS environment variable.
The option is ignored if Python is configured using the —--without-pymalloc option.
Default: 0.

wchar_t *platlibdir
Platform library directory name: sys.platlibdir.

Set by the PYTHONPLATLIBDIR environment variable.

Default: value of the PLATLIBDIR macro which is set by the configure —--with-platlibdir
option (default: "1ib", or "DLLs" on Windows).

Part of the Python Path Configuration input.
W7 3.9¢] 27}

¥ 7 3.110]| 4] ¥ 7 : This macro is now used on Windows to locate the standard library extension modules,
typically under DLLs. However, for compatibility, note that this value is ignored for any non-standard layouts,
including in-tree builds and virtual environments.

wchar_t *pythonpath_env
Module search paths (sys.path) as a string separated by DELIM (os.pathsep).

Set by the PYTHONPATH environment variable.

Default: NULL.

Part of the Python Path Configuration input.
PyWideStringList module_search_paths
intmodule_search_paths_set

Module search paths: sys.path.

If module search_paths_set is equal to 0, Py _TInitializeFromConfig () will replace
module_search_paths and sets module_search_paths_set to 1.

Default: empty list (nodule_search_paths)and 0 (module_search_paths_set).
Part of the Python Path Configuration output.
int optimization_level
SEDE LS
« 0: Peephole optimizer, set __debug__ to True.

e 1: Level 0, remove assertions, set __debug__ to False.
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o 2: Level 1, strip docstrings.
Incremented by the —O command line option. Set to the PYTHONOPTIMIZE environment variable value.
Default: 0.
PyWideStringList oxrig_argv
The list of the original command line arguments passed to the Python executable: sys.orig_argv.

If orig_argvlistis empty and argv is not a list only containing an empty string, PyConfig_Read ()
copies argvinto orig_argv before modifying argv (if parse_argv is non-zero).

See also the a rgv member and the Py_GetArgcArgv () function.
Default: empty list.
WA 3.109 7}
int parse_argv
Parse command line arguments?

If equals to 1, parse a rgv the same way the regular Python parses command line arguments, and strip Python
arguments from argv.

The PyConfig Read () function only parses PyConfig.argv arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are strippped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Default: 1 in Python mode, 0 in isolated mode.

WA 31004 WHA: The PyConfig.argv arguments are now only parsed if PyConfig.
parse_argvequalsto 1.

int parser_debug

Parser debug mode. If greater than 0, turn on parser debugging output (for expert only, depending on com-
pilation options).

Incremented by the —d command line option. Set to the PYTHONDEBUG environment variable value.
Default: 0.

int pathconfig warnings

If non-zero, calculation of path configuration is allowed to log warnings into st derr. If equals to 0, suppress
these warnings.

Default: 1 in Python mode, O in isolated mode.
Part of the Python Path Configuration input.
WA 3.119 A4 ¥ 7 : Now also applies on Windows.

wchar_t *prefix

The site-specific directory prefix where the platform independent Python files are installed: sys.prefix.
Default: NULL.
Part of the Python Path Configuration output.

wchar_t *program_name

Program name used to initialize executable and in early error messages during Python initialization.
o If Py_SetProgramName () has been called, use its argument.

¢ On macOS, use PYTHONEXECUTABLE environment variable if set.
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o If the WITH NEXT_FRAMEWORK macro is defined, use _ PYVENV_LAUNCHER___ environment
variable if set.

e Use argv [0] of argv if available and non-empty.

o Otherwise, use L"python" on Windows, or L"python3" on other platforms.
Default: NULL.
Part of the Python Path Configuration input.

wchar_t *pycache_prefix

Directory where cached . pyc files are written: sys.pycache_prefix.

Set by the -X pycache_prefix=PATH command line option and the PYTHONPYCACHEPREF IX en-
vironment variable.

NULL©] ¥, sys.pycache_prefix+ None 2 2 A A}
Default: NULL.
int quiet
Quiet mode. If greater than 0, don’ t display the copyright and version at Python startup in interactive mode.
Incremented by the —g command line option.
Default: 0.

wchar_t *run_command

Value of the —c command line option.
Used by Py_RunMain ().
Default: NULL.

wchar_t *run_filename

Filename passed on the command line: trailing command line argument without —c or —m. It is used by the
Py_RunMain () function.

For example, it is set to script . py by the python3 script.py argcommand line.
See also the PyConfig. skip_source_first_1ine option.
Default: NULL.

wchar_t *run_module

Value of the —-m command line option.
Used by Py_ RunMain ().
Default: NULL.

int show_ref_count

Show total reference count at exit?
Setto 1 by -X showrefcount command line option.
Need a debug build of Python (the Py_REF_DEBUG macro must be defined).
Default: 0.
int site_import
AZte ol site RES YZE FU7P

If equal to zero, disable the import of the module site and the site-dependent manipulations of sys.path
that it entails.
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Also disable these manipulations if the site module is explicitly imported later (call site.main () if
you want them to be triggered).

Set to 0 by the —S command line option.
sys.flags.no_site is set to the inverted value of site_ import.
Default: 1.

int skip_source_first_line

If non-zero, skip the first line of the PyConfig. run_filename source.
It allows the usage of non-Unix forms of # ! cmd. This is intended for a DOS specific hack only.
Set to 1 by the —x command line option.
Default: 0.
wchar_t *stdio_encoding

wchar_t *stdio_errors

Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr (but sys.stderr
always uses "backslashreplace" error handler).

If Py_SetStandardStreamEncoding () has been called, use its error and errors arguments if they
are not NULL.

Use the PYTHONIOENCOD ING environment variable if it is non-empty.
Default encoding:

e "UTF-8"if PyPreConfig.utf8_mode is non-zero.

o Otherwise, use the locale encoding.
Default error handler:

¢ On Windows: use "surrogateescape".

e "surrogateescape" if PyPreConfig.utf8 mode is non-zero, or if the LC_CTYPE locale
is “C” or “POSIX”.

e "strict" otherwise.

int tracemalloc

Enable tracemalloc?
0°] o}y ™, A]ZF A] tracemalloc.start () & T=F YT}

Setby -X tracemalloc=Ncommand line option and by the PYTHONTRACEMALLOC environment vari-
able.

Default: -1 in Python mode, 0 in isolated mode.

int use_environment

Use environment variables?
If equals to zero, ignore the environment variables.
Set to 0 by the —E environment variable.

Default: 1 in Python config and 0 in isolated config.
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intuser_site_directory

If non-zero, add the user site directory to sys.path.

Set to 0 by the —s and —I command line options.

Set to 0 by the PYTHONNOUSERSITE environment variable.
Default: 1 in Python mode, 0O in isolated mode.

int verbose

Verbose mode. If greater than 0, print a message each time a module is imported, showing the place (filename
or built-in module) from which it is loaded.

If greater or equal to 2, print a message for each file that is checked for when searching for a module. Also
provides information on module cleanup at exit.

Incremented by the —v command line option.
Set to the PYTHONVERBOSE environment variable value.
Default: 0.

PyWideStringList warnoptions
Options of the warnings module to build warnings filters, lowest to highest priority: sys.

warnoptions.
warnings E E-2 sys.warnoptions & A< o2 F73 Yttt wlA 2 pyconfig.
warnoptions @& 7} WA HALE = warnings.filters9 3 WA &&Fo] FUt} (7h

T =2 AE9).
The —W command line options adds its value to warnopt ions, it can be used multiple times.

The PYTHONWARNINGS environment variable can also be used to add warning options. Multiple options
can be specified, separated by commas (, ).

Default: empty list.

intwrite_bytecode

If equal to 0, Python won’ t try to write . pyc files on the import of source modules.
Set to 0 by the —B command line option and the PYTHONDONTWRITEBYTECODE environment variable.
sys.dont_write_bytecode™ write bytecode®] YA H ZtoZ % 7|3 Vth
Default: 1.
PyWideStringList xoptions
Values of the —X command line options: sys._xoptions.
Default: empty list.

If parse_argvisnon-zero, a rgv arguments are parsed the same way the regular Python parses command line argu-
ments, and Python arguments are stripped from argv.

The xoptions options are parsed to set other options: see the —X command line option.

WA 3,904 M7 show_alloc_count BE7}AAE AS5 YT
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10.7 PyConfigE Al235 7|35}

Function to initialize Python:

PyStatus Py_InitializeFromConfig (const PyConfig *config)
Initialize Python from config configuration.

3 E A+ PyStatus_Exception ()3} Py_ExitStatusException() & AH&3te] & (AU F5)E
A 2l sf oF Fth.

If PyImport_FrozenModules (), PyImport_AppendInittab () or PyImport_ExtendInittab ()
are used, they must be set or called after Python preinitialization and before the Python initialization. If Python is
initialized multiple times, Py Import_AppendInittab () or PyImport_ExtendInittab () must be called
before each Python initialization.

The current configuration (PyConfig type) is stored in PyInterpreterState.config.

z2I olg= AA e o

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig InitPythonConfig(&confiqg);

/* Set the program name. Implicitly preinitialize Python. */
status = PyConfig_SetString(&config, &config.program_name,
L"/path/to/my_program") ;
if (PyStatus_Exception(status)) A
goto exception;

status = Py_InitializeFromConfig (&confiqg);
if (PyStatus_Exception (status)) {
goto exception;
}
PyConfig_Clear (&configqg);
return;

exception:
PyConfig_Clear (&configqg);
Py_ExitStatusException (status);

More complete example modifying the default configuration, read the configuration, and then override some parameters.
Note that since 3.11, many parameters are not calculated until initialization, and so values cannot be read from the
configuration structure. Any values set before initialize is called will be left unchanged by initialization:

PyStatus init_python (const char *program_name)

{
PyStatus status;

PyConfig config;
PyConfig_ InitPythonConfig(&confiqg);

/* Set the program name before reading the configuration
(decode byte string from the locale encoding).

(Th sl el Aol A<
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(e1A sl o] A ol A AI5)

Implicitly preinitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_name,
program_name) ;
if (PyStatus_Exception (status)) {
goto done;

/* Read all configuration at once */

status = PyConfig_ Read (&config);

if (PyStatus_Exception (status)) {
goto done;

/* Specify sys.path explicitly */
/* If you want to modify the default set of paths, finish
initialization first and then use PySys_GetObject ("path") */
config.module_search_paths_set = 1;
status = PyWideStringList_Append (&config.module_search_paths,
L"/path/to/stdlib") ;
if (PyStatus_Exception(status)) A
goto done;
}
status = PyWideStringList_Append (&config.module_search_paths,
L"/path/to/more/modules") ;
if (PyStatus_Exception (status)) {
goto done;

/* Override executable computed by PyConfig Read() */
status = PyConfig_SetString(&config, &config.executable,
L"/path/to/my_executable") ;
if (PyStatus_Exception(status)) A
goto done;

status = Py_InitializeFromConfig (&config);
done:

PyConfig_Clear (&config);
return status;

108 AHZ|& +d

PyPreConfiqg InitIsolatedConfig ()} PyConfig InitIsolatedConfig() &4E Al2H o] A]
shol 918 A2l o 74 & HE LT ol & Sol, 3ol 2 8 =2 1o A5 AN,

This configuration ignores global configuration variables, environment variables, command line arguments (PyConfig.
argvis not parsed) and user site directory. The C standard streams (ex: stdout) and the LC_CTYPE locale are left
unchanged. Signal handlers are not installed.

Configuration files are still used with this configuration to determine paths that are unspecified. Ensure PyConfig.
home is specified to avoid computing the default path configuration.
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10.9 HlO|’M 1

PyPreConfiqg_InitPythonConfig ()& PyConfig InitPythonConfig() Sty dulsjo|yHAH 5
Sohe A8 A28 shol 4 ME ] A 74E FE T

87 W59 BE 2 AAe ol WS PASE o ARH s WY, Ao T4 Wee BARU,

This function enables C locale coercion (PEP 538) and Python UTF-8 Mode (PEP 540) depending on the LC_CTYPE
locale, PYTHONUTEF 8 and PYTHONCOERCECLOCALE environment variables.

10.10 Python Path Configuration

e

Kl

PyConfigols A& FALS 93t og A7}
« AR 7YY

1) AUk

- PyConfig.home

- PyConfig.platlibdir

- PyConfig.pathconfig _warnings

- PyConfig.program_name

- PyConfig.pythonpath_env

- AR AL HaE e 2o B2 E 27 Al

- (PyConfig.program_nameo|A) Z2 13 AA A2 & 7] YtpaTn &7 A
- __ PYVENV_LAUNCHER__ 37 W<

-8 = £ A 8 HKEY_CURRENT USER <2} HKEY LOCAL_MACHINE 9]
“SoftwarePythonPythonCoreX.YPythonPath” o} o] &= HA2EEQ S8 20 H=Z
(7140 X.Y = 5ol 4 A ],

EE LR

- PyConfig.base_exec_prefix

PyConfig.base_executable

PyConfig.base_prefix

PyConfig.exec_prefix

- PyConfig.executable

- PyConfig.module_search_paths_set, PyConfig.module_search_paths
- PyConfig.prefix

If at least one “output field” is not set, Python calculates the path configuration to fill unset fields.
If module_search_paths_set is equal to 0, module_search_paths is overridden and
module_search_paths_set issetto 1.

It is possible to completely ignore the function calculating the default path configuration by setting explicitly all path
configuration output fields listed above. A string is considered as set even if it is non-empty. module_search_paths
is considered as set if module_search_paths_set is set to 1. In this case, module_search_paths will be
used without modification.

Set pathconfig _warnings to 0O to suppress warnings when calculating the path configuration (Unix only, Windows
does not log any warning).
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base_prefix\ base_exec_prefix BEZF AARAE R oW, ZV 7t prefix® exec_prefix® ZFS A+
PN
Py _RunMain ()3} Py_Main ()< sys.pathE £33}

e run_filename®] AAE I __main_ .py 2IHEE F35= tJAE o)W, run_filenamed

sys.path &l 715t}
e isolated’F0o]H:

- run_module°] ™, A Y B 2| & sys.path ol F7HUh @A) tEH2 & =+
Ro W b A% 3] ‘E%GHD}-

- run_filenameo] AAHH, 5tdH Y A H 2 E sys.path goll F74h
- agx e, Wl FAY S sys.path ¥l F7FU T

site_import7F00] ofUW, site EE9| sys.pathS AT 5 A5 YT} user_site directory7Z}t
00] o}u] a1 A& 2}9] site-package T) @ E] 8] 7} 2R 31, site BE % A& 2}9] site-package T @ E 2] S sys.
pathol] &7k ok

thedt e T4 $Heo] A= P A th
e pyvenv.cfg
e ._pthfile (ex: python._pth)
e pybuilddir.txt (92 HAR)
If a . _pth file is present:
e Set isolatedto 1.
e Set use _environment to 0.
e Set site importto 0.
e Set safe _pathto 1.

The _ PYVENV_LAUNCHER___ environment variable is used to set PyConfig.base_executable

10.11 Py_RunMain()

int Py_ RunMain (void)

Execute the command (PyConfig. run_command),thescript (PyConfig. run_filename)or the module
(PyConfig.run_module) specified on the command line or in the configuration.

By default and when if -1 option is used, run the REPL.
Finally, finalizes Python and returns an exit status that can be passed to the exit () function.

See Python Configuration for an example of customized Python always running in isolated mode using Py RunMain ().
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10.12 Py_GetArgcArgv()

void Py_GetArgcArgv (int *argc, wchar_t ***argv)
stol o] =4 317] Ao, g BH & AAE P U

See also PyConfig.orig_argv member.

10.13 CIEHA| =718} HISIH ZE X API

This section is a private provisional API introducing multi-phase initialization, the core feature of PEP 432:

« “& 4] (Core)” Z7]3} A, “F] A THe] s}o]#”:

- LHZO]—%)

- Wi

- W33 =2 & 2 F (frozen modules);

- sys EEZ BRAHOEZR 271G UL (A& 59 sys.path+ oFF S 34| kFUTh.

o “F(Main)” 27]3} &7, steo] o] &3] 2718k Ytk
- importlib& M X8l FA Y}
- A= 7Ae ReTITh
- Alad A r7E AAgYHs
- sys B8 27138 A5 FUTH (& E9]: sys.stdout ¥ sys.pathE WHFYTH;
- faulthandler$®} tracemalloc¥ 22 A€ 7]5& &A355U

¢ 9TE Utk

o

ite

|
0

ol

=
[e)

v]F 7l 78 A APL:
e PyConfig._init_main:ifsetto 0, Py _TnitializeFromConfig () stops atthe “Core” initialization
phase.

e PyConfig._isolated_interpreter: if non-zero, disallow threads, subprocesses and fork.

PyStatus _Py_InitializeMain (void)

“%» 7)) A 2 o5 3hel, shol W 27)942 Sa ok
“3 0 AN AL obF T REE JEE 347 93l importlib REO] P A gtk 2 PSR
QAT ALk A 2 A A S AT A ol Aol So A AL A8 %

Aow, AH§A 9] sys .meta_path Y ZH (importer) U} YEE & 52 AAT 5 A5 U

It may become possible to calculatin the Path Configuration in Python, after the Core phase and before the Main phase,
which is one of the PEP 432 motivation.

“3 " WAL A2 A5 A U Th o] RANA F AL AT S 913, Folo] 13 A olof s
A& obA] A ZH A ks UTh APIE v F 012 FA A 2o g zAFUTh A8% 37 API7F A A2
w742 AAIEA APIE 3 AU Al AL = A5 Ut

“8) 417 7} 5 27131 GA Aol of A ol W TEE A FHE ol A:
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void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config);

config._init_main = 0;
/* ... customize 'config' configuration ... */
status = Py_InitializeFromConfig(&config);

PyConfig_Clear (&configqg);
if (PyStatus_Exception (status)) {
Py_ExitStatusException (status);

/* Use sys.stderr because sys.stdout is only created
by _Py_InitializeMain() */
int res = PyRun_SimpleString(
"import sys; "
"print ('Run Python code before _Py_InitializeMain', "
"file=sys.stderr)");
if (res < 0) |

exit (1) ;
}
/* ... put more configuration code here ... */
status = _Py_InitializeMain();

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);
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22| 22

111 72

slolx o] v & 2] Fejo= BE stol A A e} vl o] H FRE T3t u]-3 7l § (private heap) & 5 RHgHU T
ﬂm*ﬂﬁJAﬂ%AﬂﬁﬂEﬂ #ejztol o W HA o= o] Fo] Ut Fho] A wl R A I,
ATRE 8 A0 QG EL AT 2L 5A AR A Belo G 2NS Ao A% ThE 74 L4E
AR 3 9%k

71 e oA, 9A HlE e @At 29 AAY wRe FeAret FE ALt vEl goll BE
ﬂﬂﬁ&%ﬂﬂﬁeﬂﬂﬂﬂﬂ%hl%ﬁﬂ%%ﬂgﬁﬁﬂq2%NWEQé%}ﬁﬂ‘*HNJ
AR A 2L oA A 2 AR o S0 D nf W e Bl AL FATULE
A Bol, A5t e 2R T AT S5/ AES S, A% A 4 RAA FAG,
FE EL A2 oA Tel s Ukt shold MRl Bel Al A A4S AR S A A
AAAA T, FA A B AA Wl A AEAES F .

stol A 3 o] #ej& AElz el ApA ol o3l 3= ], AbEAbE ] R o W2 e ESof tigh A ZAHE
%ﬂ@giiﬁﬂﬂﬂ¢%ﬁuVPW$%¢ﬁq%ﬂ%ﬂﬁ?%ﬁﬂ%ﬁ@ﬂﬂnAﬂ&ﬂﬂﬂﬂﬂ
Y5 E 9ty S -2 o] A Aol Y H 5ho] #/C APL - 53l 3hol A w12 8] A2 2}e] 8 3 o
we} 2 U o,

Hx Cﬂ%ﬁﬁrm}ﬂﬁﬁﬁﬂ%cﬂ]Eaﬂﬂﬁﬁﬁﬂﬁvdﬁ4ﬂWﬂﬂqﬁﬂH@@Tﬂ%@
oFdtUth: malloc(),calloc (), realloc() W free(). 18 A 3t} A2 2 d1 g &L LA
o2 ol 255t wjiofl, C &t} sho] & | 2 ﬂ*ﬂﬂﬂléJi o] Ay st XA AFE =
it 22, oF2 oAl 8f Zo] A B2 07 C glo| B g §FALE AR-SHo] W 2] BEES LA

st A S 5 syt

PyObject *res;
char *buf = (char *) malloc (BUFSIZ); /* for I/O */

if (buf == NULL)
return PyErr_ NoMemory () ;
..Do some I/O operation involving buf...
res = PyBytes_FromString (buf) ;

(Th sl el Aol A<)
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(o] A | o] A e A AL
free (buf); /* malloc'ed */
return res;

o] el ol 4, 1O W] ol th e v 2] 278 C 2ol xiele] Bextol ofa) A el H LTk shol vime) wel A
Az s E vhol £ A o] Ffol v Fol g

SRR 4, Thol A Yol A M =e)E Behs Zlo] LT shol W YL vo) A vl m e B A7)
Ao 5] WU th o) & Sol, e melH/HC2 44 =g AR 302 g8 u) Rtk sho| A
W& AHESHe E ThE o)t B | W w el 8ol Hfa) ol A v w el #elAels] gl she A
Ytk 239 w2 7 i o) 3 v : 5} ¢

$EAREHORY AEE ulE, RE Wne] 232 vhol 4l v R
el H 5 A e} A e & @ olu 8 24 Btk ARAo R,
£ A, Shol A W 2] Bel Ak bHl A £4, MR §F e o AR 22 A A AL
Ee)7 S 184 94 5 AUk @) el A8ho] C ehol Hele] FYALE AL§3HE, VO 3o
e vl mel 7k vhol Al v =] Bel A2 $A 3] 98 3hA ol §o)5H4IA L.

o ®H7]:
PYTHONMALLOC &7

F

£ AHgto] Stol el A ALg B v R ] BPAE THT
=

W st 4
PYTHONMALLOCSTATS 37 W4+ A} - pymalloc 2} 4] o}#] U (arena) 7} ¥HE o] A wjj ujch
pymalloc Y] 2] &F2Le] FAE A3t Wl A2 & JdFUTh

11.2 Allocator Domains

All allocating functions belong to one of three different “domains” (see also PyMemAllocatorDomain). These
domains represent different allocation strategies and are optimized for different purposes. The specific details on how
every domain allocates memory or what internal functions each domain calls is considered an implementation detail, but
for debugging purposes a simplified table can be found at iere. There is no hard requirement to use the memory returned
by the allocation functions belonging to a given domain for only the purposes hinted by that domain (although this is the
recommended practice). For example, one could use the memory returned by PyMem RawMalloc () for allocating
Python objects or the memory returned by PyOb ject_Malloc () for allocating memory for buffers.

The three allocation domains are:

o Raw domain: intended for allocating memory for general-purpose memory buffers where the allocation must go to
the system allocator or where the allocator can operate without the GIL. The memory is requested directly to the
system.

o “Mem” domain: intended for allocating memory for Python buffers and general-purpose memory buffers where
the allocation must be performed with the G/L held. The memory is taken from the Python private heap.

« Object domain: intended for allocating memory belonging to Python objects. The memory is taken from the Python
private heap.

When freeing memory previously allocated by the allocating functions belonging to a given domain,the matching specific
deallocating functions must be used. For example, PyMem Free () must be used to free memory allocated using
PyMem_Malloc ().
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11.3 A H 22| 2QE{H0o|A
T4 AT ANad FLA gt AU ol @ FpE 2= FAAA, L FAT BoE

2 A v 2 e gFAEs oS geE AR @‘4‘3} malloc(),calloc(),realloc() ¥ free();0n}9]
EE AT 0 malloc(l)(EEcalloc(l, 1)) 3Z=3Hch
%

void *PyMem_RawMalloc (size_tn)
n WOl EE &3ty I W R E 7HE] 7]+ voidr P ZAHE v AU, 83 o] Aufstd
NULL-S W3 o}
0Hlo]EE 2 3t 7}53lH PyMem_RawMalloc (1) ©] thAl &4
ol ol EAEIE MAH ), 1 %ol o) A0 5.5 515 A S
void *PyMem_RawCalloc (size_t nelem, size_t elsize)
A7) 7} 2+ 7 elsize o] E % nelem 7] 2] 8.4 F Total FE W E 2 & 7He] 7] &= void* PO 2AEE
HEeksl ALy, 8 4 o] Auf et NULLE RS T Wl 2= 022 273k Yth
07h2] &AL 0HIOE 378 245 @ 3 H PyMem_RawCalloc(l, 1) o] Al &9 AAHY
53t ZF3NULL o] obd ZQIE & whEghy o},
H A 3,50 271

void *PyMem_RawRealloc (void *p, size_t n)
pZt 77l = B e £E59 A7 nvtol EEZ 2T YT WS- oA AHE2Z 2719 FH 53k el
e HAE A 5T
p7FNULLO]®, ©& L PyMem_RawMalloc (n) & 5584t} nol 034 2 HEg 229 m7=
e = Pl OHXﬂﬂ A= 941, v 29 E = NULL O] o g Y Th
p7FNULL©] o} 3}, pyMem RawMalloc (), PyMem_RawRealloc () e+ PyMem_RawCalloc ()l
3k o) A 5 2ol ol W 2 olofof gk
R A o] A3}, PyMem RawRealloc ()& NULLS W3l p
ZAHEZ FAFH YT

void PyMem_RawFree (void *p)
p7F 7HE] 71 = W2 g E5E AT Y p~ PyMem_RawMalloc (), PyMem_RawRealloc ()
T & PyMem_RawCalloc ()l i gt Olzi TEE VSE ZAojojof Fycth ¥R gAY
PyMem_RawFree (p) 7} $A] & A= A k2 Ezto] doj ).

‘% \_.
p7FNULL O |, obF 2P & 3= A] hs

N
-

rlr

ol Wz g e Fadh

By

11.4 0| 22| 2E{H0|A

ANSIC EZo] me} 592 5 A outo] 25 2 AT ul o) S A F 3 thg 345 A TS sl 4l ol A
v 22§ Bgsta sA s ol A8 & AU T

7]+ v 28] &A= pymalloc | 2] ERAE AHE UL

AT o] 4B ST W GILS A ok T )

WA 3.6004 HA: 7|2 &A= o] Al Al2~" malloc () tHAl pymalloc Y U T
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void *PyMem_Malloc (size_tn)
Part of the -7 ABL n a} 1 £ FFeta TE MRS 7he) V) voidr B9 EAE S AL,
24 o] Asfshd nuLL S Y
Ov}o]|EE 8 38t PyMem_Malloc (1) o] th4l ié AAH 7Hs 8t A3 NULL o] ofd ZRIE S
QRS U T W R el o' Al o 2 & 27315 ] k5 YT

void *PyMem_Calloc (size_t nelem, size_t elsize)

Part of the V74 ABI WA 3.7 o] & 2. 3 7] } 2V 7V elsize B}Fo]l E Q1 nelem 7] S A4S
HE2EE el 7= void* §O EQHE WHE 7‘5}741/]- @ o] A 3tH NULLS 8ka+3h T},
022 x7|3g Yth

07]14 L2 0n)E F7]9] 24 2 33 W pyMem_Calloc (1, 1)°] tAl &% 21X 715354
3 NULL o] obd Z S wEkghy o}

WA 3.50] F7}.

void *PyMem_Realloc (void *p, size_t n)

:;

Part of the 9+7 ABL p7} 7}e] 7] = vl R e B29] 37|& pulo|ER 2AFYTh UL o|AF 2L
2719 H 4 el AL WAEA gyt

p7FNULLO] ¥, §&-& PyMem_Malloc (n) ¥ %%aqu} I8 ¢k po) 03 oW m e BEEo)
A7) 2AH AW A H A= eFen, J ® 2 lE = NULL o] ob gyt

p7FNULL ] o} 3t PyMem Malloc (), PyMem_Realloc () =& PyMem_Calloc ()] thgt o] A &
Zo] wakg Aolo]oF Tk

840l Asfsk, PyMem Realloc ()2 NULL= ¥E&Hstal p= o] A W& 2] ol o 3 2 7 22U E
= §AFYLh

void PyMem_Free (void *p)
Part of the 2+ ABL p7F 7Fgl7l= W2e B2 AT UL pe pPyMem Malloc(),
PyMem_Realloc () =¥ PyMem_Calloc ()°l] th3t o] A S & o] vkE3l ZAojojof guyth I1EHXA
A PyMem_Free (p) 7} A TEH U0 W BYH A 94 FZo] dojdth

p7FNULL O] H, ob 24 & 305 2] ok5 U th
Aol 2 918l The T} 22 @ A% 227} A B P UTh TYPE] BE CHS Uehlel o84 2.
PyMem_New (TYPE, n)
PyMem_Malloc ()3 ZA 9 (n * sizeof (TYPE)) Hlo|EQ W R E &Fst} TYPE*E 7|4~
E ¥ 2AHE St R ol A o2 E 27315 A FUTh
PyMem_Resize (p, TYPE, n)
PyMem_Realloc ()3 ZA 1, W E g
TYPE* 2 7H/\E ¥ Z 9] E1 = tﬂ-ﬁ-ﬁg—q
A ¥ & NULL o] Y Th
ol ZZ CAAY 7 iaRYUTH pe FF A HGFUTH ol & A o w22 &4 ot ¥
pol A e HAFAA .
void PyMem_Del (void *p)
PyMem_Free ()&} Z5Uth
3, 910 A CAPL R4 AR 9, ool i v R el DRAE A £257) A9 g vz
¥ °l AFFYUth 28, o] & AHEsHE shol Al WA S 7HR A 2 & vho i ] S8 o] F-A 5] ] ¢olA]
34 BENA L A AsUh

e PyMem_MALLOC (size)

£29] 37]%= (n * sizeof (TYPE)) H}OJE
LSS SO, pe AZER HEE oﬂoﬂoﬂ off 3F 3

e
;

e PyMem_ NEW (type, size)
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e PyMem_REALLOC (ptr, size)
e PyMem_ RESIZE (ptr, type, size)
e PyMem_FREE (ptr)

¢ PyMem_ DEL (ptr)

3 9] 52

tlo

A BT ThE B AT ol Fol A

ZF31: There is no guarantee that the memory returned by these allocators can be successfully cast to a Python object
when intercepting the allocating functions in this domain by the methods described in the Customize Memory Allocators
section.

718 AR SF A= pymalloc W B 2] EFA}F

it
_>;,
ofo
L
A
i

A3 o B8 ASY W GILS FA o T T

void *PyObject_Malloc (size_tn)
Part of the -7 ABL n H} |ES dsty S w2 S 7he] 7] = void* §9 A E WkastA Y,
{70 *UHH}U% NULL< §HEHeh o}
OH}ol|EE 2 A3} PyObject_Malloc (1) o] thAl
OJEJ§ S mr = ﬂ‘ﬂ*‘oiczﬂﬂﬂﬂ
void *PyObject_Calloc (size_t nelem, size_t elsize)
Part of the QY7 ABI WA 3.7 0|3 2. A 7|7} 2+ 72} elsize B} 0| E QI nelem 712 QA€
H R 2 E 7te] 7] &= void* 9 ZJAEE Wt A, 83 o] AsfstH NULLS WY T
0oz x7|sldYrct.

07§e) R 4vtorlelE A7]9) 245 23
53 783 NULL o] obd Z O E & vl

3l PyObject_Calloc (1, 1)°] thal 329 AAF 7}
it

roh

B A 3.50] &7}

void *PyObject_Realloc (void *p, size_t n)
Part of the 2% ABL p7} 78] 7= W3] B20] 2718 nulo] 22 2 AT &L o] A7} Az e
EREEES SIEEEEEERE iRl
p7F NULLo| ¥, §& L pPyObject_Malloc (n) 3 S5t 23 k11 no] 0 2o, H 2 g
59 A7 2ZH A A A ki, ‘ﬂ%‘r% JC’JH £ NULL©] obd Y th
p7FNULL o] o} 3l Pyobject_Malloc (), PyObject_Realloc () T PyObject_calloc ()l
o) o] & ol s WEkE Zolofof T Th.
8] Aofstd, Pyobject_Realloc ()< NULL= 9H8Halil p= ol A w2 8] d o of g &
EAHE §AF Uk

void PyObject_Free (void *p)

Part of the 97 ABL p7} 7Hel7l = vlme] 222 AAG U, o 22
PyObject_Realloc () B+ PyObject_Calloc()ol] thdto]ld &
th. 297 gAY PyObject_Free (p) 7} ol Ao SE2H P2 H 9

fotr

gt
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p7FNULLO| |, o} 2 & 35 2] ok th

11.6 7|2 o2 2| et}

715 v 2 2] &g}

=S| o|E PyMem_RawMallo PyMem_Malloc PyObject_Malloc

g2l "pymalloc" malloc pymalloc pymalloc

SR -1 R "oymalloc_debug malloc+TJ¥ 1 pymalloc+UYH pymalloc+T]H
1 I

pymalloc ${= ¥]3Z W1 "malloc" malloc malloc malloc

=

pymalloc = TYH I "malloc_debug" malloc+TWI malloc+ T WL malloc+ UHIL

vl &
A=}

He:
+ o] E: PYTHONMALLOC 37 ¥W49] k.
e malloc: EF=CelolB e g A" a2 C 4 :imalloc (), calloc (), realloc() Y free ().
o pymalloc: pymalloc ™| 2 2] S}

¢ “Debug build” : Python build in debug mode.

11.7 | 22| 2R AKX HQ

WA 3409 F7}

type PyMemAllocatorEx
W2 £E5 SBAE 7Ieste vl AHEE = 7 2A. FRAE ted 22 2E7H S Yth

mc o|o|

void *ctx A AR QAAZ AL A2 AH A
=

void* malloc (void *ctx, size_t size) Uﬂ_‘?’_ﬂ %%% @'%@"41—/]‘

void* calloc(void *ctx, size_t nelem, 007 27|3d yrg EE5S 9

size_t elsize) s o

void* realloc(void *ctx, void *ptr, size_t H2g E5& gAY a7 24

new_size) ot

void free(void *ctx, void *ptr) Hrg £ AT YT

WA 3,504 HA: PyMemAllocator & A9 o] & 0] PyMemAllocatorEx® B I 22 calloc

=7} 2= 5T
type PyMemAllocatorDomain
Fat w QS A ek o) A8 E = A, =2
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PYMEM_DOMAIN_RAW
s
e PyMem RawMalloc ()
e PyMem RawRealloc ()
e PyMem RawCalloc ()
e PyMem RawFree ()
PYMEM_DOMAIN_ MEM
g
e PyMem Malloc(),
e PyMem Realloc ()
e PyMem Calloc()
e PyMem Free/()
PYMEM_ DOMAIN_OBJ
e
e PyObject_Malloc ()
e PyObject_Realloc ()
e PyObject_Calloc()

e PyObject_Free()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

ARY 2oy vRe] BE FPAE b G

void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

AR wrele] Wme] B3 BRAE AT

A &A= 0nfol EE 2 8w 2173 NULL o] ofd EZ I E & vk of gy T
PYMEM_DOMAIN_RAW =W A2} 73-¢, A= 2= s of Fuich: @A/ 229 uf GILe A
Uk

AN G2 Zo] ol ™ (o] A SFAE S &R o), PyMem SetupDebugHooks () SH4E &
=oto] A @FAF foll T F5 thA] A A sf of Tk

See also PyPreConfig.allocator and Preinitialize Python with PyPreConfig.

3 PyMem_ SetAllocator () does have the following contract:

« It can be called after Py Prelnitialize () and before Py TnitializeFromConfig() to
install a custom memory allocator. There are no restrictions over the installed allocator other than the
ones imposed by the domain (for instance, the Raw Domain allows the allocator to be called without the
GIL held). See the section on allocator domains for more information.

« If called after Python has finish initializing (after Py_TnitializeFromConfig () has been called)
the allocator must wrap the existing allocator. Substituting the current allocator for some other arbitrary
one is not supported.

void PyMem_ SetupDebugHooks (void)

Setup debug hooks in the Python memory allocators to detect memory errors.
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11.8 mlO|M Oj|2 2| &etxle C|lH &

When Python is built in debug mode, the PyMem SetupDebugHooks () function is called at the Python preinitial-
ization to setup debug hooks on Python memory allocators to detect memory errors.

PYTHONMALLOC 37 W48 A}83lo] DA BREoA] AFAE slolMo] g2 &S A X5 Jd5Uh
(od]: PYTHONMALLOC=debug).

The PyMem_ SetupDebugHooks () function can be wused to set debug hooks after calling
PyMem_SetAllocator ().

O UM ZL2 FH R FFH wRE E5E 55510, Q4 Zhest R ESiH O R AUt 2 T d
| 2 2] &= v}o] E 0xCD(PYMEM_CLEANBYTE) & X 9 X 12, 3 Al ¥ W] 2 2] = v}o] E 0xDD(PYMEM_DEADBYTE)
2 ALH UL Ry B2 } |E 0xFD (PYMEM_FORBIDDENBYTE) & X A “Z 2| & nlo|E” 2 S|
AUth o] | ESS FAE 2 FES A, B A5 == ASCIH ZAE € 7 o] Y5 Uth

A3 A A AR

o« API $J¥l B+X]. o| & 5o, PyMem_Malloc () ©] &3 R e8] BEE pyobject_Free ()7} &5
A AT

o W3 A|Z Ao 227] ZH2] (M3 AT ER).
o W3 Z F ol 27] A (N3] LHER).

e PYMEM_DOMAIN_OBJ(%]: PyObject_Malloc ())€} PYMEM DOMAIN_MEM(Y|: PyMem_Malloc ())
Eﬂﬂﬂ@%ﬂ@?ﬂiégﬂGmﬂ%ﬂﬂ%ﬂQ%

of 217} ¢y std, W 1 §2 tracemalloc B2 AFESto] M2 E50] &3d 3o EFoalS
7FAF Ut tracemalloco] gfo]yd v 2 2] ?:l%% T4 ol H e E5o] 344 u T Eg o]y o]
FAF YT

LetS=sizeof (size_t). 2*S bytes are added at each end of each block of N bytes requested. The memory layout
is like so, where p represents the address returned by a malloc-like or realloc-like function (p [1 : j] means the slice of
bytes from * (p+1) inclusive up to * (p+7) exclusive; note that the treatment of negative indices differs from a Python
slice):

pl-2*S:-S]
Number of bytes originally asked for. This is a size_t, big-endian (easier to read in a memory dump).
p[-s]

API identifier (ASCII character):
o 'r' for PYMEM_DOMAIN_RAJ.
e 'm' for PYMEM DOMAIN_ MEM.

e 'o' for PYMEM DOMAIN_OBJ.

p[-S+1:0]
Copies of PYMEM_FORBIDDENBYTE. Used to catch under- writes and reads.
pl[O:N]

The requested memory, filled with copies of PYMEM_CLEANBYTE, used to catch reference to uninitial-
ized memory. When a realloc-like function is called requesting a larger memory block, the new excess bytes
are also filled with PYMEM_CLEANBYTE. When a free-like function is called, these are overwritten with
PYMEM_DEADBYTE, to catch reference to freed memory. When a realloc- like function is called requesting a
smaller memory block, the excess old bytes are also filled with PYMEM_DEADBYTE.

pIN:N+S]
Copies of PYMEM_FORBIDDENBYTE. Used to catch over- writes and reads.
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PI[N+S:N+2*S]
Only used if the PYMEM_DEBUG_SERIALNO macro is defined (not defined by default).

A serial number, incremented by 1 on each call to a malloc-like or realloc-like function. Big-endian size_t. If
“bad memory” is detected later, the serial number gives an excellent way to set a breakpoint on the next run, to
capture the instant at which this block was passed out. The static function bumpserialno() in obmalloc.c is the only
place the serial number is incremented, and exists so you can set such a breakpoint easily.

A realloc-like or free-like function first checks that the PYMEM_FORBIDDENBYTE bytes at each end are intact. If
they’ ve been altered, diagnostic output is written to stderr, and the program is aborted via Py_FatalError(). The other
main failure mode is provoking a memory error when a program reads up one of the special bit patterns and tries to use
it as an address. If you get in a debugger then and look at the object, you’ re likely to see that it’ s entirely filled with
PYMEM_DEADBYTE (meaning freed memory is getting used) or PYMEM_CLEANBYTE (meaning uninitialized
memory is getting used).

WA 3.6 A WHA: PyMem_SetupDebugHooks () &5+ oA el RE A AL H slo]HoAx Z
SEUTE ol 7h A EE, T 2 -2 oA tracemalloc Ag3te] MR E=o] dgE o] Ed o]

2L 7S Yt} £ 1:]1311 S0 01 Al PYMEM_DOMAIN_OBJS} PYMEM DOMAIN_MEM =W Q19 47}
529 ) GILS A=A SFelgLch

WA 380 A WA: dvlo]lE 3| ®H 0xCB(PYMEM _CLEANBYTE), OxDB(PYMEM DEADBYTE) %
O

FB(PYMEM_FORBIDDENBYTE) &= ¥ %% CRT TW I malloc() @ free() & 22 #2 AL %
£ 0xCD, 0xDD ¥ 0xFD & thAl % g5 o).

11.9 pymalloc &=HX}

F2- (5128}0] E o]3}) A A of 2 A StH pymalloc FFA7F H5 U Th 32-0| E 2 AE
AE o A | MBE] 7 278 2 “obel harena)” 2 W7 o2 A8
29 AL PyMem_RawMalloc ()3 PyMem RawRealloc () 22 thAH Ut}

stol Mo = = o]
ol /] = 256 KiB, 64-H| E
Ut} 512 vfo|EXH T} =

pymalloc & PYMEM DOMAIN MEM(S : PyMem_Malloc ()) T PYMEM _DOMAIN_OBJ(
PyObject_Malloc()) =H el 7] dFx}i ).

bl B The B E A HUTH

o dE QoA VirtualAlloc () FVirtualFree (),

ol fifid

i

it

o AHEE 4 O™ mmap () I munmap ()
o IR oM malloc () free ()

This allocator is disabled if Python is configured with the ——without-pymalloc option. It can also be disabled at
runtime using the PYTHONMALLOC environment variable (ex: PYTHONMALLOC=malloc).

11.9.1 pymalloc O}&|L}

[uok

FEAE ALE R E2

WA 3400 7}
type PyObjectArenaAllocator
obdl v} FAHE 71 e 3 vl AHgS £ F2A. o] FRA AL Al Ae) BETL Ak
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He o|o|

void *ctx R A A= AL A8 A~
E

void* alloc(void *ctx, size_t size) size UFo] E 9] o} L& 33t

void free(void *ctx, void *ptr, size_t ol U= Aot

size)

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)
obelu B AU,
void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)

obel vt g AHE 44 g,

11.10 tracemalloc C API

W7 3,74 7%
int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)
tracemalloc BEA &AW e E52 FHFch
B8R 02 BT, o2l 7k BAFE (R AL A SR E FIHA BAEUH -1
HFekgh U o}, tracemalloc ©] B] &4 815 9l o -2 &5 vHEHgy o)
Hl e EFo] oju] FAHM, 7|E F A4S BAF U
int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)

tracemalloc REOIA GG W2 B5S 54 AGU B0 2257 FoH o} AL

SHA| FE Ut

tracemalloc ©] W] &/ 8} = ¢l oW -2 & whehelal, 19 A ke

)
(@)
o
r 17
rit
¥
<
v

11.11 0O

g2 e AR A whe AU Th VO M 7L A A B4 AT AHg kel shol A Yol A TYHES
thAl A 9% U ek

PyObject *res;

char *buf = (char *) PyMem_Malloc (BUFSIZ); /* for I/0 */
if (buf == NULL)

return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf) ;
PyMem_Free (buf); /* allocated with PyMem Malloc */
return res;

3 AT AFL A 2L =AYk

PyObject *res;
char *buf = PyMem_New (char, BUFSIZ); /* for I/0 */

(TH& sl oA ol A1)
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(e1A sl o] A ol A AI5)

if (buf == NULL)
return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf) ;
PyMem_Del (buf); /* allocated with PyMem New */
return res;

99 F A ool A, AL B4 2 WGl Sk FE B 24P o) F AL AAE, A2 ThE
FPAE ERY AF AL BIER ]

A€ BF YUt b = AW Lol : -
Aol b FPAE 5] wf o

char *bufl = PyMem_New (char, BUFSIZ);
char *buf?2 (char *) malloc (BUFSIZ);

char *buf3 = (char *) PyMem Malloc (BUFSIZ);

PyMem_Del (buf3); /* Wrong —- should be PyMem_ Free() */
free (buf2); /* Right -- allocated via malloc() */
free (bufl) ; /* Fatal -- should be PyMem_Del () A/

stold oA A MR £E52 Adty] A% T4 o=, sto]lde A pyobject New,
4

s
pa)
|t
flo
@)
fru
=
fru
o
5
i—";
ofh
o
oX,
o,
ol
k]
oy
o
ol
rlr
2,
=2
4
et
v
o
o}
2
>
>
of.
)
pa)
i
T
v
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X e K&

ol FollM= A AA F= BT wf AHH = T, B H a2z dsf A

=
o

o]
(o][]

12.1 3lof| ZHA| F7|

PyObject *_PyObject_New (PyTypeObject *type)
whehgh A =

PyVarObject *_PyObject_NewVar (PyTypeObject *type, Py_ssize_t size)
Rheh gk A =

PyObject ¥*PyObject_Init (PyObject *op, PyTypeObject *type)
wkskgk: W2l 2. Part of the 2+ ABL Initialize a newly allocated object op with its type and initial reference.
Returns the initialized object. If #ype indicates that the object participates in the cyclic garbage detector, it is added
to the detector’ s set of observed objects. Other fields of the object are not affected.

PyVarObject *PyObject _InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)
QESkgk: A= Z2. Part of the QH7 ABL 0] 212 PyObject_Init ()7} 8= BE A4S 351,
7} 37) 7“;(1],] Zo] AW T %733}

PyObject_New (TYPE, typeobj)
C £ 2A) & TYPEZ} sto)| ¥ & A A typeobj (PyTypeObiject*) & Ag3lo] |22 Jold AAE
ST Thol i AA P2 AoH A ghe BEE 2789 A gtk TEAE AR o §
Ao F2E 2550 UGS, A4 F2 A5 10] BT, Wze wekel 27]% & 2472

tp_basicsize BEA AAH UTH

PyObject_NewVar (TYPE, typeobj, size)
CH+xA 38 TYPEJJr sto) A €+ 3 typeobj (PyTypeObject *) & AL-&3lo] A 2-& Tlo| A A& a3t
Ytk ahel A & H = %4511] U A= 2713 A st &3d w2 El= TYPE 734 ol
3l rypeobj] tp_itemsize BEO] & FoIA 7|9 size (Py_ssize_t) BEE 3 EFUth o=
FE7 2 AAE AL W FEFUh FEL BE W 272 2T 5 Y%Uh T Ao A=
A 23 A, T A5 FolSo], vme el ZeA o) F4FUT

kg
=
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void PyObject_Del (void *op)
PyObject_New W} PyObject_NewVars ARR-3F A Ao StE o 2 g
O 2 AAS Pol| AARH tp_dealloc A 7|olA TEFYth WE7}
P, ol 5% Folt AAe] BEo) A 2FHE < B o,
PyObject _Py_NoneStruct
gho] Mol A None & & = ZE == A o] Aol th3t A2 B 715 = Py_None AR E A3 A
oA 23] oF ) o
] ®17):

PyModule Create()
%4 w5 sty v

10 A B ool AHEH & Be TRAZE AFUTh o] Aol A o2 e LA 2k AR W ol Eal
U

12.21 7|2 i 3t oj3=

All Python objects ultimately share a small number of fields at the beginning of the object’ s representation in memory.
These are represented by the PyObject and PyVarObject types, which are defined, in turn, by the expansions of
some macros also used, whether directly or indirectly, in the definition of all other Python objects.

type PyObject
Part of the Xﬂ ¥ APL (Only some members are part of the stable ABL) 2.5 A L& o] ¥ %<
Ut ol A2 sholHo] AAol i3k FUAEE AA 2 Ao ol Bod ARE Eerare U
AR el a A=A, AAS 3% 553k AT J AR K EAHD 2 ) A2
PyobjectE AR AL QA T, kol A AR BT BE EALE pyobject* 2 ALE T 5 A%
Uth. Py REFCNTS} Py TYPE W} A 2 E AF23}o] # v o] AA| A5 oF g},

type PyVarObject
Part of the A| 3+5 APL. (Only some members are part of the stable ABL) ©]| A& ob_size BEE F7}51+=
Pyobject] ST o 2L Aol ek 'S 7Hd AR ol vk ALEH LTk of FL FF shol H/C

API | L}E}Urx] OF: Ut} Py REFCNT, Py TYPE @ - Py STZE M| AZE AHE8te] Wl H of A 26 of
it

PyObject_HEAD
Z o] 7} ¥ stA] %% AAE Y= 22 FS AAT o A5 = w22 Y th PyObject HEAD
Mae = v 2ol g Ytk

[PyObject ob_base;

9] pyobject AHAE FRIAHA L.
PyObject_VAR_HEAD

Adadauitt ol the AXE Yelle ME2L 32 AAdT wf AHgE & W22 Y Ych PyOb-
ject_VAR_HEAD v} 2 2 += T}-&-3} 7+o] 873 1 of:

[PyVarObject ob_base; ]

9] pyvarobject AYAE FRIAIA L.
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int Py_ Is (PyObject *x, PyObject *y)
Part of the 74 ABI W A 3.10 o] & Z. Test if the x object is the y object, the same as x is y in Python.
HA 3.109 7}

int Py_IsNone (PyObject *X)

Part of the °+7 ABI ¥ & 3.10 o] & Z. Test if an object is the None singleton, the same as x is None in
Python.

B A 3.100] &7}
int Py_IsTrue (PyObject *X)

Part of the 2+ ABI WA 3.10 ] & Z. Test if an object is the True singleton, the same as x is True in
Python.

WA 31000 7}

int Py_IsFalse (PyObject *X)

Part of the Q7 ABI ¥ A 3.10 o] & 2. Test if an object is the False singleton, the same as x is Falsein
Python.

WA 3.100) F7}.
PyTypeObject ¥*Py_TYPE ( PyObject *0)
Get the type of the Python object o.
Return a borrowed reference.
Use the Py SET_TYPE () function to set an object type.

WA 311904 HA: Py_TYPE () is changed to an inline static function. The parameter type is no longer const
PyObject*.

int Py_IS_TYPE (PyObject *o, PyTypeObject *type)
A 0] ol typeo]™ 00] obd Fr= Wbty th. 28 x| oF o 02 WY th Py _TYPE (0) ==
typedt 35
B A 3.9 F7}.
void Py_ SET_TYPE (PyObject *o, PyTypeObject *type)
A4 02) B& nypeo 2 AT
W 3.9¢ 27
Py_ssize_t Py_REFCNT (PyObject *0)
Get the reference count of the Python object o.
Use the Py SET REFCNT () function to set an object reference count.
¥ A 3.119 A ¥ 7 : The parameter type is no longer const PyObject*.
WA 3.100) A M7 : Py REFCNT () is changed to the inline static function.
void Py_SET_REFCNT (PyObject *o, Py_ssize_t refcnt)
Set the object o reference counter to refcnt.
W7 3.9¢ 7%
Py_ssize_t Py_SIZE (PyVarObject *0)
Get the size of the Python object o.

Use the Py_SET_SIZE () function to set an object size.
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WA 311904 WA Py_SIZE () is changed to an inline static function. The parameter type is no longer const
PyVarObject*.

void Py_SET_SIZE (PyVarObject *o, Py_ssize_t size)
AA 02] A7) E size2 DA T Th
WA 3.90f =7}

PyObject_HEAD_INIT (type)
O] AL MEL Pyobject PO 27|13} o2 FAH = ZEYUTE o] AE = b3 0 2 S Y
t}:
_PyObject_EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (type, size)

| AL ob_size DEE EFo], ML Pyvarcbject Yo 273} o2 g & a2 Yok
o MazEtheow gk

_PyObject_EXTRA_INIT
1, type, size,

12.2.2 g2l IME 78

type PyCFunction

Part of the +7 ABL “41 & 9] ESCE FHAF=H AEHE T
PyObject* Wi7| M5 H3kaL huhe] Zh& W Iy

o 3. o]l B Fre F Y
F= RE g ok Whgk gro] NULL o] |, ol €] 7} A A = o] 9)ofoF
Futh NULL O] obyH, ke g2 dpol Mol = Tl v o g s gyt e MER
Fz2 was ok gk
g AEe e 2otk
PyObject *PyCFunction (PyObject *self
PyObject *args);
type PyCFunctionWithKeywords
Part of the 97 ABL. A% o] METH_VARARGS | METH_KEYWORDS ¢l 5}o] ¥ 28] 58S CE 7335+t
AgHE g5 9. B A9 oeT 2y th
PyObject *PyCFunctionWithKeywords (PyObject *self

PyObject *args,
PyObject *kwargs);

type _PyCFunctionFast

Aol METH FASTCALL 91 3to]# EHEE CE 733+ o A
Zaych

oo
)
i
u

PyObject *_PyCFunctionFast (PyObject *self

PyObject *const *args,
Py_ssize_t nargs);

type

_PyCFunctionFastWithKeywords

A o] METH FASTCALL | METH_KEYWORDS Q1 3tol A 28 E8& CE F+d3l+ o AFS5 & T4 3
T A H2 o 25yt

ot
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PyObject *_PyCFunctionFastWithKeywords (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames) ;

type PyCMethod
A g o] METH_METHOD | METH_FASTCALL | METH _KEYWORDS ¢] s}o]l ¥ 282 CE2 733+ 4
AHgEE S . e A et 2EUth

PyObject *PyCMethod (PyObject *self,
PyTypeObject *defining_class,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames)

WA 3.90f =7}
type PyMethodDef
Part of the 273 ABI (including all members). 73 E 2] W =& 7|&3E U AFRE &= L2 A, o] +2A
o= vl 7He B=7F A5 Th
const char *m1_name
WA= o]
PyCFunction m1_meth
C &l thgt ZAH.
intml_flags
TE 74 YHE U= SR 2 v E
const char *m1_doc
N ER R =S
ml_methe C ¥4 < EHMD} dE Fol e 7 YA, A pyopject & WHEF UL 7t
PyCFunctlonol 0}\4 H, Aotd = fAE g olEoA NA2EE Q33 Th PyCFunctloHO] ‘ﬁaﬂ
w7 A4S Pyobject* & xgg st ts, dutd o g A e AL self AR EHCIHS /\}_9_61-\,]1—/}
ml_flags BEE 5 W2 EZF T e vE A=Yt ME Sdl1e 2& FH ¥R
F2e verg Ut
e e 52 FHe] dHUh
METH_VARARGS
o) WA E7} pycrunction B9 AAd 5% FAQYT. B4
Ak A AR s WA= self AAAUTH 285 T2
WG (FF args D FUHE BE A2 Jeh) & FE 22
e

PyArg _ParseTuple () 9|\ PyArg UnpackTupl

% i 71H PyObject* Z< 7]

Z2E AAYGUch T A w7y
] E}. o] uj 7] M4 gulr o g
()& AH&3te] A g Yyth

_l:= [U9

[

METH_KEYWORDS

Can only be used in certain combinations with other flags: METH _VARARGS | METH_KEYWORDS,
METH FASTCALL | METH _KEYWORDS and METH _METHOD | METH _FASTCALL | METH _KEYWORDS.

METH VARARGS | METH_KEYWORDS
o] & 3t —j:_—LEH:Lﬂ— JE=HAEE PyCFunctionWithKeywords PolojoF gyt o] T+ Al 7HY
W 7) A5 7T U T self, args, kwargs. o 71 A kwargs+= 25 719 E A Aol ALt 719 =
QA =}F7} %} o HANULLY 4 G5 UTth 7] 4= AdulA 0 2 pyArg ParseTupleAndKeywords () S

N EEEEEY
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METH_FASTCALL

Fast calling convention supporting only positional arguments. The methods have the type _PyCFunctionFast.
The first parameter is self, the second parameter is a C array of PyObject* values indicating the arguments and
the third parameter is the number of arguments (the length of the array).

H A 3.7 271
WA 3.100)| 4] ¥ 74 : METH_FASTCALL-Z o] A| ¢F4 APIe] YRt

METH FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the vector-
call protocol: there is an additional fourth PyObject* parameter which is a tuple representing the names of the
keyword arguments (which are guaranteed to be strings) or possibly NULL if there are no keywords. The values
of the keyword arguments are stored in the args array, after the positional arguments.

HA 3.7 7}

METH_METHOD
Can only be used in the combination with other flags: METH METHOD | METH_FASTCALL |
METH_KEYWORDS.

METH METHOD | METH FASTCALL | METH KEYWORDS
8 &) Sk= 2 B 2 (defining class), =, TA| 9] Ml EE 286t FUWH2E A DS = METH_FASTCALL |
METH_KEYWORDS®] 87 A& el= Ze| At py_TYPE (self) 9 #3 F#2d 5 d5UTh
WA EE pycMethod & o]o] ok 3=, self F ol defining_class QIA7} & 7}E METH_FASTCALL
| METH_KEYWORDS<®} 25Ut
B A 3.9 &7}

METH_NOARGS
w7 W47} Qs Wl == METH NOARGS Z#] 12 U dE o] 9o, Q1R 7} o] A= BHeld F g v}
A5 Utk PycFunction @olojokdUch A A w7/ 49 o]2L dutA o 7 gelfol ] R E oL}
AR Axd o] e F2E HAFUTE BE o] T i) Bf M5 nuLL g ok

The function must have 2 parameters. Since the second parameter is unused, Py UNUSED can be used to prevent
a compiler warning.

el el

"o" QIAR PyArg ParseTuple ()& ZEdhe A, & d AR AA7} Qe WA= METH 0 S8
d & 4 A5 UTh pycrunction @ ol AL, self 7] M2t &Y AAE UEFW = Pyobject*
_/':E_ 71—/_\_141;]_
= R H .
!

o) £ Aber 5% 722 Vel ol A8 A k1 2ol 20) WA =9} 8 A8 o) vl e e U )
REA P Aot AL 5 Q5T ol B Zeh 1 E Ao S Fol A vl A =o s AFE 5
.

METH_CLASS

HAER Jo] dxdartobd §F AR 7 A AA wj7f ez dgg Yt classmethod () WA
GFE AR D o BEo A= AT AR Z el v X = (class methods) € W=+ W] AHEH Y Tk
METH_STATIC
lA~EH A7 old NULLe] A HA v 7] H42 AL Ut} staticmethod () W3 &
T2 AR ol ol A= A AR A A v A E (static methods) S HEE T AHEH U T

Shie] theE 44t 2 WA o] 2 4 e e A WA= 2EH EAE AT T
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METH_COEXIST

712 Ao hA vl =7 =g Utk METH_COEXIST7} QLo ™, 7| 2zhe vl g = Aol 5 Ay
A AdUth £ A7 HAE BlojE Hol| REHEZE, ol & 59 sq_conins £F2] A+
__contains__ () 2= A HA =S AL 22 0] 29 3 F PyCFunction S & =317 95U th.
Z el 27 B 9= 9, PyCFunction ©] 2 # A A 2p2]o] 2 =¥ 11 £33} 3 &3 th o] & PyCFunction ]
et T Eo] ef 5 AA TSHHH A 3}E o] 917 wj 2ol &t

PyObject *PyCMethod_New (PyMethodDef *ml, PyObject *self, PyObject *module, PyTypeObject *cls)

Wkek gk A Z2. Part of the 2 ABI WA 3.9 ©] & 2 Turn ml into a Python callable object. The caller must
ensure that m/ outlives the callable. Typically, ml is defined as a static variable.

The self parameter will be passed as the self argument to the C function in m1->m1_meth when invoked. self
can be NULL.

The callable object’ s __module___ attribute can be set from the given module argument. module should be a
Python string, which will be used as name of the module the function is defined in. If unavailable, it can be set to
None or NULL.

o B7]:
function._ _module_

The cls parameter will be passed as the defining_class argument to the C function. Must be set if METH_METHOD
issetonml->ml_flags.

WA 3909 27}

PyObject *PyCFunction_NewEx (PyMethodDef *ml, PyObject *self, PyObject *module)

wkEk 7k A ZZ. Part of the °+% ABL Equivalent to PyCMethod_New (ml, self, module, NULL).

PyObject *PyCFunction_New (PyMethodDef *ml, PyObject *self)

wrskzk: A ZZ. Part of the 94 ABI WA 3.4 o] 3 &, Equivalent to PyCMethod_New (ml, self,
NULL, NULL).

12.2.3 =232 O{ER|RE HMA

type PyMemberDef

Part of the 2+7 ABI (including all members). Structure which describes an attribute of a type which corresponds
to a C struct member. Its fields are:

Field C Type Meaning

name const char * name of the member

type int the type of the member in the C struct

offset Py ssize_t the offset in bytes that the member is located on the type’ s object struct
flags int flag bits indicating if the field should be read-only or writable

doc const char *  points to the contents of the docstring

type can be one of many T_ macros corresponding to various C types. When the member is accessed in Python,
it will be converted to the equivalent Python type.

(1
ofm
i
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O3 2 0|E cd
T_SHORT short

T_INT int

T_LONG long
T_FLOAT float
T_DOUBLE double
T_STRING const char *
T_OBJECT PyObject *
T_OBJECT_EX PyObject *

T CHAR char

T BYTE char

T _UBYTE unsigned char
T_UINT unsigned int
T_USHORT unsigned short
T_ULONG unsigned long
T BOOL char

T_LONGLONG long long
T_ULONGLONG unsigned long long
T_PYSSIZET Py_ssize_t

T_OBJECT and T_OBJECT_EX differ in that T_OBJECT returns None if the member is NULL and
T_OBJECT_EX raises an AttributeError. Try to use T_OBJECT_EX over T_OBJECT because
T_OBJECT_EX handles use of the de1 statement on that attribute more correctly than T_OBJECT.

flags can be O for write and read access or READONLY for read-only access. Using T_STRING for type
implies READONLY. T_STRING data is interpreted as UTF-8. Only T_OBJECT and T_OBJECT_EX members
can be deleted. (They are set to NULL).

Heap allocated types (created using PyType FromSpec () or similar), PyMemberDef may
contain definitions for the special members _ dictoffset_ , _ weaklistoffset__ and
__vectorcalloffset_, corresponding to tp dictoffset, tp weaklistoffset and
tp_vectorcall_offset in type objects. These must be defined with T_PYSSIZET and READONLY, for
example:

static PyMemberDef spam_type_members[] = {
{"_ dictoffset_ ", T_PYSSIZET, offsetof(Spam_object, dict), READONLY},
{NULL} /* Sentinel */

i

PyObject *PyMember_GetOne (const char *obj_addr, struct PyMemberDef *m)

Get an attribute belonging to the object at address obj_addr. The attribute is described by PyMemberDef m.
Returns NULL on error.

int PyMember_SetOne (char *obj_addr, struct PyMemberDef *m, PyObject *0)

Set an attribute belonging to the object at address obj_addr to object 0. The attribute to set is described by
PyMemberDef m. Returns O if successful and a negative value on failure.

type PyGetSetDef

Part of the 2+7 ABI (including all members). Fol 3t ZEZ FHE 2L AN2E A= XA
PyTypeObject.tp_getset %o t] gt 4
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Field C Type Meaning

name  constchar ¥ OJEgHE o]2

get getter C function to get the attribute

set setter optional C function to set or delete the attribute, if omitted the attribute is readonly
doc constchar ¥ AMEHA =A~EZ

closure void * optional user data pointer, providing additional data for getter and setter

The get function takes one PyObject* parameter (the instance) and a user data pointer (the associated
closure):

[typedef PyObject * (*getter) (PyObject *, wvoid *); ]

gt Al xS wrehetar, dsistd A4 A o ] 9 94 NULL 2 Wk oF gy ok

set functions take two PyOb ject * parameters (the instance and the value to be set) and a user data pointer (the
associated closure):

[typedef int (*setter) (PyObject *, PyObject *, void *); ]

EZHEE Aol 3l AL F A v W= NvLnd Ytk 35 0L, Agfstd A=
2] 9} A 18 WSS o FTh

12.3 Type Objects

Perhaps one of the most important structures of the Python object system is the structure that defines a new type: the
PyTypeObject structure. Type objects can be handled using any of the PyObject_* or PyType_* functions, but
do not offer much that’ s interesting to most Python applications. These objects are fundamental to how objects behave,
so they are very important to the interpreter itself and to any extension module that implements new types.

g A= g e g2 ok Ags FU) 37]7}3 o] g 7+ AR 7} Be 220 2+S A A5}y wjEoly],
Z7 C34 ZolE o)l Z7] gol 7|5 & Fe BHES a3t} o] A Ao A= 3§ Ao B=e Z}*ﬂ 3|
AHFEUL B FRA A YEhv= %Hﬂ%i @%%HE}.

the o] 2t 2z 9o, o A4L pyTypeobiecte] o uloh gl Ble FHS A F I Th

™

12.3.1 72 &t x

“tp %/E\'”

PyTypeObject & &Pz 255, | = EFHME/EZR 3
EPachSS,Z
CTDI
<R> tp_name const char * __name X X
tp_basicsize Py _ssize_t X X X
tp_itemsize Py _ssize_t X X
tp_dealloc destructor X X X
tp_vectorcall_offset Py ssize_t X X
(tp_getattr) getattrfunc __getattribute__, __ getattr__ G
(tp_setattr) setattrfunc __setattr_,  delattr G

CtZ H O] X[of] Al
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H 1-0[™ Ho[X|of| M A=

PyTypeObject & "> ! E E+HME/NERRE =
H2
CTDI
tp_as_async PyAsyncMethods * ANa<&F %
tp_repr reprfunc __repr X X X
tp_as_number PyNumberMethods * ME &3 %
tp_as_sequence PySequenceMethods * NRER=S %
tp_as_mapping PyMappingMethods * RS %
tp_hash hashfunc hash X G
tp_call ternaryfunc call X X
tp_str reprfunc _str__ X X
tp_getattro getattrofunc __getattribute__, __getattr__ X X G
tp_setattro setattrofunc __ setattr__, _ delattr__ X X G
tp_as_buffer PyBufferProcs * %
tp_flags unsigned long XX ?
tp_doc const char * _doc__ X X
tp_traverse traverseproc X G
tp_clear inquiry X G
tp_richcompare richcmpfunc It . _le , _eq ,_ne , X G
g ,_ge
tp_weaklistoffset Py ssize t X ?
tp_iter getiterfunc _ iter__ X
tp_iternext iternextfunc _next__ X
tp_methods PyMethodDef [] X X
tp_members PyMemberDef |] X
tp_getset PyGetSetDef [] X X
tp_base PyTypeObject * __base__ X
tp_dict PyObject * _ dict__ ?
tp_descr_get descrgetfunc _get X
tp_descr_set descrsetfunc __set_, delete X
tp_dictoffset Py_ssize t X ?
tp_init initproc _init__ X X X
tp_alloc allocfunc X ? 2
tp_new newfunc _ new___ X X ? ?
tp_free freefunc X X ? ?
tp_is_gc inquiry X X
<tp_bases> PyObject * __bases___ ~
<tp_mro> PyObject * __mro__ ~
[tp_cache] PyObject *
[tp_subclasses] PyObject * __subclasses_
[tp_weaklist] PyObject *
(tp_del) destructor
[tp_version_tag] unsigned int
tp_finalize destructor _del__ X
tp_vectorcall vectorcallfunc

1'(): A slot name in parentheses indicates it is (effectively) deprecated.

<>: Names in angle brackets should be initially set to NULL and treated as read-only.

[1: Names in square brackets are for internal use only.
<R> (as a prefix) means the field is required (must be non-NULL).

2 .
=.

“0”: seton PyBaseObject_Type

“T”:seton PyType_Type
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ME &%
=X = ExOME
am_await unaryfunc __await__
am_aiter unaryfunc __aiter__
am_anext unaryfunc __anext__
am_send sendfunc
nb_add binaryfunc _add__ _ radd__
nb_inplace_add binaryfunc __dadd__
nb_subtract binaryfunc _sub__ rsub
nb_inplace_subtract binaryfunc __isub__
nb_multiply binaryfunc _mul___ rmul__
nb_inplace_multiply binaryfunc __imul__
nb_remainder binaryfunc __mod__ _ rmod__
nb_inplace_remainder binaryfunc __imod__
nb_divmod binaryfunc _divmod__ _ rdiv-
mod__
nb_power ternaryfunc __poOW__ __ Ipow__
nb_inplace_power ternaryfunc __ipow__
nb_negative unaryfunc __neg
nb_positive unaryfunc __pos__
nb_absolute unaryfunc __abs__
nb_bool inquiry __bool__
nb_invert unaryfunc __invert__
nb_1lshift binaryfunc _ Ishift_ _ rlshift_
nb_inplace_lshift binaryfunc __ilshift
nb_rshift binaryfunc __rshift  rrshift
nb_inplace_rshift binaryfunc __irshift__
nb_and binaryfunc _and__ _ rand__
nb_inplace_and binaryfunc __dand__
nb_xor binaryfunc __XOr__ __ IXOr__
nb_inplace_xor binaryfunc __ixor__
nb_or binaryfunc _Oor__ __ ror__
nb_inplace_or binaryfunc __dor__
nb_int unaryfunc _int__
nb_reserved void *
nb_float unaryfunc _ float_
nb_floor_divide binaryfunc _ floordiv__
nb inplace floor divide binaryfunc __ifloordiv___
%ﬂ :§Vé]mmL R b%naryfunc _4nwd§g_
g™ rrup ivide binarvfunc itruediv

X - PyType_Ready sets this value if it is NULL

? —

PyType_Ready always sets this value (it should be NULL)
PyType_Ready may set this value depending on other slots

Also see the inheritance column ("I").
“y»- /}3]. _/_.‘:
X - type slot is inherited via *PyType_Ready* if defined with a *NULL* value

o°

)

g

the slots of the sub-struct are inherited individually
inherited, but only in combination with other slots; see the slot's description
it's complicated; see the slot's description

£Re P ojERE 23] MG F3) ERA o= Lol fol AL,
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H 2-0|™ mf|o|X[of| M AlH

=2 & EFOME
nb_inplace_matrix multiply binaryfunc __imatmul__
mp_length lenfunc _len__
mp_subscript binaryfunc __getitem__
mp_ass_subscript objobjargproc __setitem__,
_delitem__
sqg_length lenfunc _len__
sqg_concat binaryfunc _add__
sq_repeat ssizeargfunc _ mul__
sg_item ssizeargfunc __getitem___
sqg_ass_item ssizeobjargproc _setitem___
__delitem___
sq_contains objobjproc __contains__
sqg_inplace_concat binaryfunc __dadd__
sq_inplace_repeat ssizeargfunc _imul__
bf_getbuffer getbufferproc()
bf_releasebuffer releasebufferproc ()
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&= typedef

typedef o7l e o e
allocfunc PyObject *
PyTypeObject *
Py ssize_t
destructor PyObject * void
freefunc void * void
traverseproc int
PyObject *
visitproc
void *
newfunc PyObject *
PyObject *
PyObject *
PyObject *
initproc int
PyObject *
PyObject *
PyObject *
reprfunc PyObject * PyObject *
getattrfunc PyObject *
PyObject *
const char *
setattrfunc int
PyObject *
const char *
PyObject *
getattrofunc PyObject *
PyObject *
PyObject *
setattrofunc int
PyObject *
PyObject *
PyObject *
descrgetfunc PyObject *
PyObject *
PyObject *
PyObject *
12.3. Type Objects 261
descrsetfunc int
PyObject *
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AR W EL okl £ o npedefE R L.

12.3.2 PyTypeObject 2|

The structure definition for Py TypeObject can be found in Include/object .h. For convenience of reference,
this repeats the definition found there:

typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */
Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)
or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method suites for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

/* More standard operations (here for binary compatibility) */

hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */
PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */

/* Assigned meaning in release 2.0 */
/* call function for all accessible objects */
traverseproc tp_traverse;

/* delete references to contained objects */
inquiry tp_clear;

/* Assigned meaning in release 2.1 */
/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;
(Th sl o] Aol A)
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(e1A sl o] A ol A AI5)

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

// Strong reference on a heap type, borrowed reference on a static type
struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */
unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;
} PyTypeObiject;

12.3.3 PyObject &£

The type object structure extends the PyVaroOb ject structure. The ob_size field is used for dynamic types (cre-
ated by type_new (), usually called from a class statement). Note that PyType_Type (the metatype) initializes
tp_1itemsize, which means that its instances (i.e. type objects) must have the ob_ s i ze field.

Py_ssize_ t PyObject .ob_refcnt
Part of the 2+73 ABL This is the type object’ s reference count, initialized to 1 by the PyObject_HEAD_INIT
macro. Note that for statically allocated type objects, the type’ s instances (objects whose ob_t ype points back to
the type) do not count as references. But for dynamically allocated type objects, the instances do count as references.

AlS
ol A= A B Yo o3l F&H A syt

PyTypeObject ¥*PyObject .ob_type
Part of the QH7d ABL o] A2 &9 &, = 9 El & (metatype) Y U T} PyObject HEAD_INIT W3 Z o
gt AR X 7] 8= o, %}" °‘HW OE&PyType Type °1°1°1ﬁ gyt 22 (Folx) A=A
A 7Hs el oF sk T Ao R EC 7hed FH REY A9, Asdele 8% 2787 ot
=3t uebA, T"rz‘ © NULLE PyObject_HEAD_INITWIE2E Agsty, th2 2-& +3)517]

;qoﬂ 250 273t e A Fo A DEE PAjF o7 2735 AYUTh o] AL %‘,t&ﬁﬁi Tk
Zol PP Ut
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[Foo_Type.ob_type = &PyType_Type; ]

This should be done before any instances of the type are created. PyType_ Ready () checks if ob_type is
NULL, and if so, initializes it to the ob_t ype field of the base class. Py Type_Ready () will not change this
field if it is non-zero.

Al
ol = MHE Fo =g ALEF YT

PyObject *PyObject ._ob_next

PyObject *PyObject . _ob_prev

These fields are only present when the macro Py TRACE_REFS is defined (see the configure
—-—with-trace-refs option).

Their initialization to NULL is taken care of by the PyObject_HEAD_INIT macro. For statically allocated
objects, these fields always remain NULL. For dynamically allocated objects, these two fields are used to link the
object into a doubly linked list of all live objects on the heap.

This could be used for various debugging purposes; currently the only uses are the sys . getobjects () function
and to print the objects that are still alive at the end of a run when the environment variable PYTHONDUMPREF S
is set.

Al
These fields are not inherited by subtypes.

12.3.4 PyVarObject ==

Py _ssize_t PyVarObject .ob_size

Part of the 2+7 ABIL. For statically allocated type objects, this should be initialized to zero. For dynamically
allocated type objects, this field has a special internal meaning.

Al

o] 2EE= A E ol o) A& A stk

12.3.5 PyTypeObject &

Each slot has a section describing inheritance. If PyType Ready () may set a value when the field is set to NULL
then there will also be a “Default” section. (Note that many fields set on PyBaseObject_Type and PyType_Type
effectively act as defaults.)

const char *PyTypeObject .tp_name

Pointer to a NUL-terminated string containing the name of the type. For types that are accessible as module
globals, the string should be the full module name, followed by a dot, followed by the type name; for built-in types,
it should be just the type name. If the module is a submodule of a package, the full package name is part of the
full module name. For example, a type named T defined in module M in subpackage Q in package P should have
the tp_name initializer "P.Q.M.T".

For dynamically allocated type objects, this should just be the type name, and the module name explicitly stored in
the type dict as the value for key ' __module_ '.

For statically allocated type objects, the tp_name field should contain a dot. Everything before the last dot is made
accessible as the __module__ attribute, and everything after the last dot is made accessible as the __name___
attribute.

264
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If no dot is present, the entire tp_name field is made accessible as the __ name__  attribute, and the
__module___ attribute is undefined (unless explicitly set in the dictionary, as explained above). This means
your type will be impossible to pickle. Additionally, it will not be listed in module documentations created with
pydoc.

o] d=& NULLe] ofyofof Utk PyTypeobject ()olA FAsHA 223 B=J Ut (A2 A
tp_itemsizeE AL 5}taL).

A
o] ZE= A H Yol el LA sy
Py ssize_t PyTypeObject.tp_basicsize

Py_ssize_t PyTypeObject.tp_itemsize
o BEE A Y AxT A F71S Hhol E W AN & AU Th

There are two kinds of types: types with fixed-length instances have a zero tp_itemsize field, types with
variable-length instances have a non-zero t p_ i t ems i ze field. For a type with fixed-length instances, all instances
have the same size, given in tp_basicsize.

For a type with variable-length instances, the instances must have an ob_size field, and the instance size is
tp_basicsizeplusNtimes tp_itemsize, where N is the “length” of the object. The value of N is typically
stored in the instance’ s ob_size field. There are exceptions: for example, ints use a negative ob_size to
indicate a negative number, and N is abs (ob_size) there. Also, the presence of an ob_size field in the
instance layout doesn’ t mean that the instance structure is variable-length (for example, the structure for the list
type has fixed-length instances, yet those instances have a meaningful ob_ s i ze field).

The basic size includes the fields in the instance declared by the macro PyObject_HEAD or
PyObject_VAR_HEAD (whichever is used to declare the instance struct) and this in turn includes the
_ob_prevand _ob_next fields if they are present. This means that the only correct way to get an initializer
for the tp_basicsize is to use the sizeof operator on the struct used to declare the instance layout. The
basic size does not include the GC header size.

A note about alignment: if the variable items require a particular alignment, this should be taken care of by
the value of tp_basicsize. Example: suppose a type implements an array of double. tp itemsize
is sizeof (double). It is the programmer’ s responsibility that tp_basicsize is a multiple of
sizeof (double) (assuming this is the alignment requirement for double).

For any type with variable-length instances, this field must not be NULL.
A

These fields are inherited separately by subtypes. If the base type has a non-zero t p_ i t ems1i ze, it is generally not
safe to set tp_itemsize to a different non-zero value in a subtype (though this depends on the implementation

of the base type).

destructor PyTypeObject .tp_dealloc
Sl ~HE A 1}3) 2} (destructor) Fof] t3F Ol . (AZFE Noned Ellipsis® A H) o]
A2Bsl B AT A T LT B B, o B2 Ao ok Tk B AEL o3}

25k

[void tp_dealloc (PyObject *self);

|

The destructor function is called by the Py DECREF () and Py_XDECREF () macros when the new reference
count is zero. At this point, the instance is still in existence, but there are no references to it. The destructor
function should free all references which the instance owns, free all memory buffers owned by the instance (using the
freeing function corresponding to the allocation function used to allocate the buffer), and call the type’ s tp_ free
function. If the type is not subtypable (doesn’ t have the Py TPFLAGS_BASETYPE flag bit set), it is permissible
to call the object deallocator directly instead of via tp_ free. The object deallocator should be the one used to
allocate the instance; this is normally PyObject_Del () if the instance was allocated using PyOb ject_New
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or PyObject_NewVar,or PyObject_GC_Del () if the instance was allocated using PyOb ject__GC_New
or PyObject_GC_NewVar.

If the type supports garbage collection (has the Py TPFLAGS HAVE_GC flag bit set), the destructor should call
PyObject_GC_UnTrack () before clearing any member fields.

static void foo_dealloc (foo_object *self) {
PyObject_GC_UnTrack (self);
Py_CLEAR (self->ref);
Py_TYPE (self)->tp_free ((PyObject *)self);

Finally, if the type is heap allocated (Py_ TPFLAGS_HEAPTYPE), the deallocator should release the owned refer-
ence to its type object (via Py_DECREF ()) after calling the type deallocator. In order to avoid dangling pointers,
the recommended way to achieve this is:

static void foo_dealloc (foo_object *self) {
PyTypeObject *tp = Py_TYPE (self);
// free references and buffers here
tp—>tp_free (self);
Py_DECREF (tp) ;

As:
o MEL A1 Poz &Pk
Py_ssize_ t PyTypeObject.tp_vectorcall_offset

BRettp cal1d ¥ A&H Y thQ #HEF (vecrorcall) 22 EZ5 AHESto] AAE &5 A
TS dad o ol g B A e =AY YT

This field is only used if the flag Py TPFLAGS _HAVE_VECTORCALLis set. If so, this must be a positive integer
containing the offset in the instance of a vectorcallfunc pointer.

o

The vectorcallfunc pointer may be NULL, in which case the instance behaves as if
Py TPFLAGS_HAVE_VECTORCALL was not set: calling the instance falls back to tp_call.

Py_TPFLAGS_HAVE_VECTORCALLS AATt= RE ZFI s tp call® AN oFsa, 313 5 2Ho]
vectorcallfunc St52} A AE =& e o] oF YT} p_call & PyVectorcall Call ()2 AA3HH B4

t}:

7Zd31: It is not recommended for mutable heap types to implement the vectorcall protocol. When a user sets
__call__ inPython code, only #p_call is updated, likely making it inconsistent with the vectorcall function.

WA 3804 HA: A 3.8 o] Aol =, o] €59 o] 5 0] tp_print AFYTH 3Fo]H 2.x0 A=, ItE =
A st dl AHEE 5 U Th sho] A 3.000 4 3.774A] =, AR = A EkE U T
Al

This field is always inherited. However, the Py TPFLAGS_HAVE_VECTORCALL flag is not always inherited. If
it’ s not, then the subclass won’ t use vectorcall, except when PyVectorcall Call () isexplicitly called. This
is in particular the case for types without the Py TPFLAGS IMMUTABLETYPE flag set (including subclasses
defined in Python).

getattrfunc Py TypeObject .tp_getattr
get-attribute-string $F5=of] T oF A B & 3Z 91 ],

o] BE: s AH Q5 Uth BAD W, tp_gerattro §49 2 AFHAW, o £l RE o] 2 A
Fok7] 9130 shol W £ AR T4l C £AHD S WolEolx @52 7he) A ok Ik
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A5
Group: tp_getattr, tp_getattro

ol A=+ tp_getattroft T/ A B Fof o5 FEHUTh AB F2 A B F9 tp getattrit
tp_getattroZ EF NULLY W) o] AF oA tp_getattrid} tp_getattros BT A<l ch

setattrfunc PyTypeObject .tp_setattr
= HE AR AAE 98 Gl h M A 2AH,
o] A=t AAH Y5tk D w), cp_serariro 59 2A AEAA W, o B RE o F
Z87) S5 shol W #A-E A thAl C ¥ AL S WolEol & P4+ el A of it
Als:
Group: tp_setattr, tp_setattro

o] B= tp_setattroft T AE Fof & FEH Utk AE F2 ME 9| tp setattrd
tp_setattro7} B5F NULLY W] Hlo| 28 oA tp setattrd} tp setattros BF A&

o
2

PyAsyncMethods *Py TypeObject .tp_as_async

2o A o9 ol EH BT u] 57 o] olE 22 EZS T3 Ax U BHE & el
F7h 220 e T AT, AM WS 5] 7] 227 E BRIAAL.

WA 3.50] 27} o] Aol tp_compare®} tp_reservedzta AF Ul

As

tp_as_async BEE AEHA AL 239 dEENEA oz FEFH YT

reprfunc PyTypeObject .tp_repr

W3 B4 repr () & FASHE G4l dhd AH A 2H,

M HL PyObject_Repr ()3 ZHUTh:
[PyObject *tp_repr (PyObject *self); ]
ot BAdolt fUTE AE BB ok Utk o] FHOE, of F5t eval ) o A2F )
Agta B7o] oA 2L ghe 74 AA 2 WeerE EALL W of Ttk o] A 0] F1satA
GO, "< ZAIFSAL > 7 Frhs AL S HHES| ok sl o] 2AFA A AA S B e B
2235 glojor gy

As

ol Fr = AH Fog AEH T

7123k

o] =S HAEA FOoW, <%s object at sp> FA o BExpgo] WP Urth o] 7|4 ss& & o] &
2=, 5pe AA Y MR Far AP Yo

PyNumberMethods *Py TypeObject .tp_as_number
A2 EEL FANE A VA BEE Teols 27 pRAlol g e, o] EE 54
A Aol A A T
AlS
tp_as_number YEX= AL R A0k 235 de L /HA o7 AL YT)

PySequenceMethods *Py TypeObject .tp_as_sequence
AAx 22 B FS T AA T AAH BEE T8 F7F F2A o ti g 2. o] B=E+
Al AR F Ao A A T

Al
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tp_as_sequence BEE A4 A AW, x@H A= APAo e A4F U,

PyMappingMethods * Py TypeOb ject .tp_as_mapping

WY EEEe PESE AA N BAH DES RS £ 7aA o U ZAE. o] EL v
23 2 AN 2B I

Al:

tp_as_mapping BEE= AASE X kA wt

F
o
(i
el
I
rlr
)
i
fu
ox
I
it
°
°

hashfunc Py TypeObject .tp_hash

W4 B4 hash ) & FASHE Bl @ A8 T,

MWL pyobject Hash ()9 Z5UTh

[nyhashft tp_hash (PyObject *);

-1 32 A A e gro 7 wkekE A ohofok gy ok s Al ghE Aitete F ol B b et e
o

5k 2haf of L.

When this field is not set (and tp_richcompare is not set), an attempt to take the hash of the object raises
TypeError. This is the same as setting it to PyObject_HashNot Implemented ().

o] dr = B i oA A WA= ALS X5t 7] Y8l Pyobject_HashNot Implemented () E

YA Ao 7 AAT 4 QLT o] AL J}O]é‘i FolA9 _hash__ = Noned} 55 A2 3|4

Qoi, isinstance (o, collections.Hashable) ©] FalseZ &8}l A 93614 gt} w9
S 7R G U th - spol A =29 FAoA __hash_ = None< 27431 tp_hash €% 9|

PyObject_HashNotImplemented ()2 AAR=E Yt}

A

Group: tp_hash, tp_richcompare

o] B L= tp richcomparest &7 B ol o) AEF Ut NE 9 tp richcompare}

tp_ hash7]- EFNULLY W, B F L tp richcompare®}t tp_hashs BF A<t}

ternaryfunc PyTypeObject .tp_call

AR TE& FASE Trol Uit A e A ZolE. A7 Z#E o] oby W NnuLLol oo Stk A2
PyObject_call ()3 Z&Uth:

[PyObject *tp_call (PyObject *self, PyObject *args, PyObject *kwargs);

A%
o WEr An oz A5PYTh

=

reprfunc PyTypeObject .tp_str

WA Aabser ()& FABE ol et A8 ZAH. (strt o)Al Folw, str ()2 13 A4
A AE gzswﬂ vJ SAA L. O] M A= Pyobject_Str() S E&3te] AA YL 433+,
PyObject_Str ()2 o]l A 7|& T&3h)

ML pyobject_str() I ZHUth

[PyObject *tp_str (PyObject *self);

dolu U FE A& whghs oF it th & A FolA =, print () Fol oo A2
F3 o) 7] w2, A9 “X<%3 %X}C’é FHolofof Furh
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o , B21d 282 wkEtel 7] 938 pyobject Repr () o] EE&E Ut

getattrofunc Py TypeObject .tp_getattro
oJE T E ¢}7] (get-attribute) <ol th 3 A= A 21 H.

AN WL pyobject_GetAttr ()T 25 UTh

[PyObject *tp_getattro (PyObject *self, PyObject *attr); ]
dutH 0 F o] EE PyObject_GenericGetAttr ()& AAR3= Aol ATt} AA oJEFH
EE 2 AubE o e TAF T

Group: tp_getattr, tp_getattro

ol BEEtp getattrIFA B Fof| | ALEHUTH A B O tp getattrItp getattroZf
EFENULLY W) A B L2 H|o]AToA tp_getattrd tp_getattros: EF ALYt

7)1k

PyBaseObject_Type uses PyObject_GenericGetAttr ().
setattrofunc Py TypeObject .tp_setattro

NERHE AA A S % Tl the e A 2 2E.

MWL Pyobject_SetAttr ()3 &Yt

[int tp_setattro (PyObject *self, PyObject *attr, PyObject *value); ]
%%, value S NULLE A Ao} o Ee]HES AAsE A2 whEA] A dslof FUTh Aoz o
I & Pyobject_GenericSetAttr ()2 AASH= Ao A gt AA o] EFHEE HASI=
AREA QW AT
As

Group: tp_setattr, tp_setattro

ol B = tp setattrITA AR Foj & ALEFH Ut B 3o tp setattrItp setattroZ}

EENULLYE W], B FL2 wo]AFo A tp_setattrd tp_setattroE BF A&shch

7)1 &3k

PyBaseObject_Typeuses PyObject GenericSetAttr ().
PyBufferProcs *PyTypeObject .tp_as_buffer

WA Ao A% TR L AAolw BAH D=2 2 el

EERE EETER LS

As

tp_as_buffer BEE A%HA A%, 2% =L AEH oz 45 H U,
unsigned long Py TypeOb ject .tp_£flags

o] B thekst Zef 1o v E nfAaa duTh AR ZeaE £ A3 i3 W o 22 el Y
ohogE AE2 oﬂ/\]Jq o2 A ZAA = %Y & AR (= tp_as_number, tp_as_sequence,
tp_as_mapping® tp_as bufferg 5o FxH = & FxA) 9 54 F=7t 7 a3%S Uell=
o A8 VT ol el 8 E 21 ] =7} Lo, o] 2lo] BB aE § Aol A 8hA) Wofok 5H o4l
0°)] U NULL g2 2zt Ao = 7k —ﬂoygqp}

Al:

e
N
4
N
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2,
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)
©
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I
rlr
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Inheritance of this field is complicated. Most flag bits are inherited individually, i.e. if the base type has a flag
bit set, the subtype inherits this flag bit. The flag bits that pertain to extension structures are strictly inherited if
the extension structure is inherited, i.e. the base type’ s value of the flag bit is copied into the subtype together
with a pointer to the extension structure. The Py TPFLAGS_HAVE_GC flag bit is inherited together with the
tp_traverse and tp_clear fields, i.e. if the Py TPFLAGS_HAVE_GC flag bit is clear in the subtype and
the tp_traverseand tp_clear fields in the subtype exist and have NULL values.

7] 8%k
PyBaseObject_Type uses Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.
H|E u}lA=:

& HIE vpaa 7t A o H o] glFUth ol 52 | AMAR BAORS tp_flags BEO| %2 ¥
AE < JF U AR PyType HasFeature ()£ @3 &1 ghpobfE H Sl tp—>tp_flags
& £7h0°] obd A FAFrh
Py_TPFLAGS_HEAPTYPE

This bit is set when the type object itself is allocated on the heap, for example, types created dynamically
using PyType_FromSpec (). In this case, the ob_type field of its instances is considered a reference
to the type, and the type object is INCREF’ ed when a new instance is created, and DECREF’ ed when an
instance is destroyed (this does not apply to instances of subtypes; only the type referenced by the instance’
s ob_type gets INCREF’ ed or DECREF’ ed).

A%
772
Py TPFLAGS_BASETYPE
SHIEEFS T2 FY wolaPog AST S AFFYUTE o] HEZF A AZHA] ko
ol o2 HH & ks 5 glHyth Javad “final” e 29 F-AU .
A%
e
Py_TPFLAGS_READY
o] Y| E& PyType Ready () &3l & AA 7} &A% 27|32 ufl A F Ut
Al
7
Py _TPFLAGS_READYING
O] H|E= PyType_Ready ()7} 8 AAE 27|33+ 5 AAZF YLt
A
%
Py TPFLAGS_HAVE_GC

This bit is set when the object supports garbage collection. If this bit is set, instances must be created using
PyObject_GC_New and destroyed using PyObject_GC_Del (). More information in section <=2+
78] A] 4=%] A 9. This bit also implies that the GC-related fields tp_traverse and tp_clear are
present in the type object.

Al
Group: Py TPFLAGS_HAVE_GC, tp_traverse, tp_clear

The Py_TPFLAGS_HAVE_GCflagbitis inherited together withthe t p_t raverseand tp_clearfields,
i.e. if the Py TPFLAGS_HAVE_GCflagbitis clear in the subtype and the tp_traverseand tp_clear
fields in the subtype exist and have NULL values.

270
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Py TPFLAGS_DEFAULT

This is a bitmask of all the bits that pertain to the existence of certain fields in the type object and its extension
structures. Currently, it includes the following bits: Py_ TPFLAGS_HAVE_STACKLESS_EXTENSION.

As
279
Py TPFLAGS_METHOD_DESCRIPTOR
o] H|EX A7t A ZAE A &L 1| A] = (unbound method) %] E 523+ Ve U Th
o] 2 17} type (meth) o] A= H:

e meth._ get_ (obj, cls) (*args, **kwds)(obj 7} None©o] o}d w]) = meth (obj,

*args, **kwds) 2} 5538l oF Fh

e meth._ get_ (None, cls) (*args, **kwds) = meth(*args, **kwds) 2} 553
oF BT

o] Z¥ 1+ obj.meth () & 22 WA A= TZ0f 3t H A 3}E 7HesHA FUTh obj.
methol g A A] “A 73% ﬂﬂ/ﬂ_(bound method)” A A 2 S %] k<)

W7 3.8 =7}
Al

This flag is never inherited by types without the Py TPFLAGS IMMUTABLETYPE flag set. For extension
types, it is inherited whenever tp_descr_get is inherited.

Py_TPFLAGS_LONG_SUBCLASS
Py TPFLAGS_LIST SUBCLASS
Py_TPFLAGS_TUPLE_SUBCLASS
Py_TPFLAGS_BYTES_SUBCLASS
Py_TPFLAGS_UNICODE_SUBCLASS
Py _TPFLAGS_DICT SUBCLASS
Py TPFLAGS_BASE_EXC_SUBCLASS

Py_TPFLAGS_TYPE_SUBCLASS
o] 2¥)| 1+ PyLong Check () 2F 2 oA o] AP B FH QA A&eA o
st ol AR UTH o] 88 54 AA= PyObject_IsInstance ()& 22 Gyt AALE T b5
Utk WA 59 AFA B 2 tp rlagsE A A A Ao FUch 18X ko™
a8 38 P AT ZEetE FETAREE = A 3 uhel oz A FHs gy

Py TPFLAGS_HAVE_FINALIZE
O H|Ex tp_finalize &F0] & FRA| S AAFFH Yt}
WA 3409 F7}
HA38EE HXH: AT B+ tp finalize X0 4 3 F2A o vt 714 317 wl
Fof, o] 2P 2= d+= Jé& SHA] 5y th

Py_TPFLAGS_HAVE_VECTORCALL
o] HIEEx Zga/ WEHZ 2228 2T o AAFUYL AAT Y&

tp_vectorcall_offset& FZIHAIL

Al

12.3. Type Objects 271



The Python/C API, 2 2|A 3.11.14

This bit is inherited for types with the Py TPFLAGS_ IMMUTABLETYPE flag set, if tp_call is also
inherited.

W7 3.90) =7}

Py TPFLAGS_IMMUTABLETYPE

This bit is set for type objects that are immutable: type attributes cannot be set nor deleted.
PyType_Ready () automatically applies this flag to static types.

Als:

This flag is not inherited.

W 3.100 57}

Py TPFLAGS_DISALLOW_INSTANTIATION

Disallow creating instances of the type: set tp_new to NULL and don’ t create the __new___ key in the
type dictionary.

The flag must be set before creating the type, not after. For example, it must be set before
PyType_Ready () is called on the type.

The flag is set automatically on static typesif tp_baseis NULL or §PyBaseObject_Typeand tp_new
is NULL.

Al

This flag is not inherited. However, subclasses will not be instantiable unless they provide a non-NULL
tp_new (which is only possible via the C API).

ZF31: To disallow instantiating a class directly but allow instantiating its subclasses (e.g. for an abstract base
class), do not use this flag. Instead, make tpp_new only succeed for subclasses.

H A 3.1000] 7}
Py_TPFLAGS_MAPPING

This bit indicates that instances of the class may match mapping patterns when used as the subject of amatch
block. It is automatically set when registering or subclassing collections.abc.Mapping, and unset
when registering collections.abc.Sequence.

Z3: Py TPFLAGS_MAPPINGand Py_TPFLAGS_SEQUENCE are mutually exclusive; it is an error to
enable both flags simultaneously.

As:
This flag is inherited by types that do not already set Py TPFLAGS_SEQUENCE.
o] B.7]:
PEP 634 - Structural Pattern Matching: Specification
WA 3.100] F7}.
Py_TPFLAGS_SEQUENCE

This bit indicates that instances of the class may match sequence patterns when used as the subject of a
match block. It is automatically set when registering or subclassing collections.abc.Sequence,
and unset when registering collections.abc.Mapping.
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Z31: Py TPFLAGS_MAPPINGand Py TPFLAGS_SEQUENCE are mutually exclusive; it is an error to
enable both flags simultaneously.

Al

This flag is inherited by types that do not already set Py TPFLAGS_MAPPING.
©] B7):

PEP 634 - Structural Pattern Matching: Specification

WA 3.100] &7}

const char *PyTypeObject .tp_doc

An optional pointer to a NUL-terminated C string giving the docstring for this type object. This is exposed as the
___doc___ attribute on the type and instances of the type.

Al:
o] A== A H Fof o3 A& A FHUTh

traverseproc PyTypeObject .tp_traverse

An optional pointer to a traversal function for the garbage collector. This is only used if the
Py_TPFLAGS_HAVE_GC flag bit is set. The signature is:

[int tp_traverse (PyObject *self, visitproc visit, wvoid *argqg);

ghol o] ZHu) Al =3 Al A ol th &k ApA| g B H = A =2k Zpa A A4 Aol A Zhe 5 F U T

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical implementation
of a tp_traverse function simply calls Py VISIT () on each of the instance’ s members that are Python
objects that the instance owns. For example, this is function local_traverse () fromthe _thread extension
module:

L

static int
local_traverse (localobject *self, visitproc visit, woid *arg)

{

}

Py_VISIT (self->args);
Py _VISIT (self-—>kw);
Py_VISIT (self->dict);
return 0;

Py VISIT()+ A2 <3 Z98 4 = 9
W % Q) A uk NULL o] U} T}o] W B2} utk 7155

W of, @7 Abo] 29 ARV E 5 gloke AS LA
get_referents () &4 7} 1AL TTFEE o] Y AV WESIT AE 4 5T

7 3: When implementing tp_traverse, only the members that the instance owns (by having strong
references to them) must be visited. For instance, if an object supports weak references viathe tp_weaklist
slot, the pointer supporting the linked list (what #p_weaklist points to) must not be visited as the instance does
not directly own the weak references to itself (the weakreference list is there to support the weak reference
machinery, but the instance has no strong reference to the elements inside it, as they are allowed to be removed
even if the instance is still alive).
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Note that Py_ VISIT () requires the visit and arg parameters to local_traverse () to have these specific
names; don’ t name them just anything.

Instances of heap-allocated types hold a reference to their type. Their traversal function must therefore either visit
Py TYPE (self),ordelegate this responsibility by calling t p_t raverse of another heap-allocated type (such
as a heap-allocated superclass). If they do not, the type object may not be garbage-collected.

HA 394 HA: § &2 F 2 tp_traverseo| A Py_TYPE (self) EWET Aoz 7|thg Ytk
ol WA ghol Mo A=, 1402172 A3, o] A 3tH A B FEf oA FE0] DT+ JFU T

As:
Group: Py TPFLAGS_HAVE_GC, tp_traverse, tp_clear

This field is inherited by subtypes together with tp_clear and the Py TPFLAGS HAVE_GC flag bit: the flag
bit, tp_traverse, and tp_clear are all inherited from the base type if they are all zero in the subtype.

inquiry PyTypeObject .tp_clear

An optional pointer to a clear function for the garbage collector. This is only used if the Py TPFLAGS_HAVE_GC
flag bit is set. The signature is:

[int tp_clear (PyObject *);

tp_clear WM B4k WA 3171004 AR B < A AN B2 2B B d A8 5
Gl A2 WE tp clear 357h ATl BE F2 £ FoloF gtk ol 22 v BF T,
alo] M7 Shod tn_clear B4E ATHANL. 62 50, FEBL tp_clear BHE FANA
FHUTh FEVORE F2 28 LAY 5 922 33T 4 97 R YUk geb e g
tp_clear YHUWOE FES LIS 282 270 3o ok Fuith o] 2 18 AHskA ghom,
tp_clear® TRSHA hol® £ Wk ol F A9 gE Tk

tp clears] TRE T} o A9} 2o Tl A AR Y 4

A= Ao Wof o gk A AaE A0 FRE
2FA S sl o W o] o 8k Z QB & NULL 2 A A5 oF gt}

static int

local_clear (localobject *self)

{
Py_CLEAR
Py_CLEAR
Py_CLEAR
Py_CLEAR
return O;

self->key);
self->args);
self->kw);
self->dict);

The Py_CLEAR () macro should be used, because clearing references is delicate: the reference to the contained
object must not be released (via Py_ DECREF () ) until after the pointer to the contained object is set to NULL. This
is because releasing the reference may cause the contained object to become trash, triggering a chain of reclamation
activity that may include invoking arbitrary Python code (due to finalizers, or weakref callbacks, associated with
the contained object). If it” s possible for such code to reference self again, it’ s important that the pointer to
the contained object be NULL at that time, so that self knows the contained object can no longer be used. The
Py_CLEAR () macro performs the operations in a safe order.

Note that tp_clear is not always called before an instance is deallocated. For example, when reference count-
ing is enough to determine that an object is no longer used, the cyclic garbage collector is not involved and
tp_deallocis called directly.

tp_clear B49 BRE BE RS BE Ao)7] G, B2 8ol FoiT 4 R spo] W FAY
o)t} shol il A9 28 £3E ANE A2 BLL YEvITh HElol, 29 T T shod AA S
A sta, 9 tp dealloc@F 7t tp clearE TEIEE AA = Ao AT 5 IH5UTH

51
sfo]# o] 7hu] A = A A of] th gk ApA| 8 FH = A =2 7ha 2] =4 A oA 2HE S sy Th
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Al
Group: Py_ TPFLAGS_HAVE_GC, tp_traverse, tp_clear

This field is inherited by subtypes together with tp_traverse and the Py TPFLAGS_HAVE_GC flag bit: the
flag bit, tp_traverse, and tp_clear are all inherited from the base type if they are all zero in the subtype.

richcmpfunc Py TypeObject .tp_richcompare
F 3} ¥] i 8+ (rich comparison function) of] T g A B8 & Z Q1 g, A2 o} 25 Yth

[PyObject *tp_richcompare (PyObject *self, PyObject *other, int op); ]

A WA w7 W pyTypeobjectdl &3] A H o] Adxd o] BHAH T

ol g 2 (EWH 22 Py _Truel} Py False)% Hkgkaf of gyt vla 7k o= of A
o™, Py NotImplementedE WHEIelYl, TF2 of ¢ 7} WHAY 81 NULL S WH3tel o9 2748 A A

o —

S ok gy o,

t}2 A4 tp_richcompare®} PyObject_RichCompare () Al YA QAAE AILEH =& HoH
Utk
o H|
<
Py LT
<=
Py LE
Py_EQ
=
Py NE
>
Py GT
>=
Py GE

TR deE A AT s A=ES e a2zt F g Ytk

Py_RETURN_RICHCOMPARE (VAL_A, VAL B, op)
vl o A 3ol whe}, 4o A Py_TruelU Py_False® i_h;;mn} VAL A%} VAL B:=C 8]
At SAE AT 5 Aok FUTh (S 501, Cinty float A = Sl U Th. Al A Axk=
PyObject_RichCompare ()l 3 A3 H A4S X A gt}

The returned value is a new strong reference.
ol e 7h WA S, ol 9] & 445 ol A NULL S kg ok
W7 3,74 7%

As:

Group: tp_hash, tp_richcompare
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o] A== tp hash A AB Fof &) AEFH Uk B 39 tp richcompare?} tp_hash7}
EFNULLO|H B &2 tp rlchcompareﬂ- tp_hashE A&y

7|8 gk

PyBaseObject_Type provides a t p_ richcompare implementation, which may be inherited. However, if

only tp_hash is defined, not even the inherited function is used and instances of the type will not be able to
participate in any comparisons.

Py_ssize_t PyTypeObject .tp_weaklistoffset

If the instances of this type are weakly referenceable, this field is greater than zero and contains the offset in
the instance structure of the weak reference list head (ignoring the GC header, if present); this offset is used by
PyObject_ClearWeakRefs () and the PyWeakref_* functions. The instance structure needs to include
a field of type PyObject* which is initialized to NULL.

o] BEE tp weaklist® EFHA WA L5 TR & AA ApA| o] th e o3 Fx o] 2lAE F =9

e},

o) W=t A B ol ol 3451 A7, ofeh 1}
4 %ok ol A2 3ol ol £33t
A tp weaklistoffset< T3 2

R
oFe F2 22 |28 AL o v gk,
as)

bx, 2AAHA gath

When a type defined by a class statement hasno ___slots__ declaration, and none of its base types are weakly
referenceable, the type is made weakly referenceable by adding a weak reference list head slot to the instance layout
and setting the tp_weaklistoffset of thatslot’ s offset.

= 2N 2. A Fo) o] 2 mAL A
% ANE

When a type’s __slots__ declaration contains a slot named ___weakref_ , that slot becomes the weak
reference list head for instances of the type, and the slot’ s offset is stored in the type’ s tp_weaklistoffset.

When a type’ s __slots__ declaration does not contain a slot named __weakref__, the type inherits its
tp_weaklistoffset from its base type.

getiterfunc PyTypeObject .tp_iter

An optional pointer to a function that returns an iterator for the object. Its presence normally signals that the
instances of this type are iferable (although sequences may be iterable without this function).

o] 4+ PyObject_GetIter ()& 22 A& ZEUth

[Pyobject *tp_iter (PyObject *self);

A%
o BEr An Yoz A5PYTh

iternextfunc Py TypeObject .tp_iternext

An optional pointer to a function that returns the next item in an iterator. The signature is:

[PyObject *tp_iternext (PyObject *self);

ol ¥ o] E] 7} 2 A =] ®H NULL-ES HF&3] oF Ut} Stoplteration d 7 AR E 5, 228 A &S
TE JdFUTh o2 ol g7 A SHE, G A NULL-E ¥HEHsl oF k. I SR+ o] 9 < P
ole & o] E gt AT YUt

oJEel o8 BL tp_iter FLE Aojalof ahnl, o Bk (A olEF o) 8 AT AT} obd) o] E e
o) E] Q2B A AH S wksks] oF T T,

o] Bt pylter Next ()2} 22 A Y-S 25 Uth

AL
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o BEEAB PO FEPUch
struct PyMethodDef *PyTypeObject .tp_methods
ol Fo] dutYHEE A Ad}= pyMethodDef 24| 2] A A NULL-5 3 8l & ol EHT‘?_H g9 xQE.
o] gEuith WA= fAa2adHE 2@k Y 9 (oFd tp_dictE
3= o] Z7bg LTk,
Az
o] = A B Yol gaf FLH A U (A EE TR WAUESS T ASFYh.
struct PyMemberDef *PyTypeObject .tp_members

o] o] alAE A0 dulboE W (T} &F)E HAFE pyMemberDef T2 A2 A& NULL-E
B ujgof thak A el A ZolE.

o] FEuieh Wi 2T HEE 288k FY MU (o tp_dictE FR s AIL) ol o]
F7Hdoh
As
ol A== A H Yo o) FLHA AU (EH = HE WAUSS T ASFUh.
struct PyGetSetDef *PyTypeObject .tp_getset

o] Po] Alrg A0 AAH oJEFYHEE MASE pycetsetDef FZ2 A2 A A NULL-ZE vj Qo
it el A 20 H.

w8 FEnjr}, getset AT HE S 2ote Fo g (oFf tp_dictE FRAIL) ol 5

o] 719 k.

A

o] BEx A= Yol o3 A5H A i (A4E o HEL T W AYES Ba) A5H U,
PyTypeObject *PyTypeObj ect.tp_base

W So] AL5E s ol agol] thak AEA EAE. o] Sl AL, B 45U AP UL O
USRI M ept g e Rt i TR

Fa: £ 27|80+ AG 2713} - F o] A& FUth CI9ol A= 278 A7) “F A AFS= (address
constants) of of & ‘/] ZOH 2 FEAIF S E HEE = PyType_GenericNew ()9 22 &4 XA A}
53099 F 4 Aol U T

However, the unary ‘&’ operator applied to a non-static variable like PyBaseObject_Type is not required to
produce an address constant. Compilers may support this (gcc does), MSVC does not. Both compilers are strictly
standard conforming in this particular behavior.

AHNA 02, tp_basew A g2 2713 oA A H ofoF Tt

Fr o] 7| B 7L sPyBaseObject_Type YU TH(Ftol W Z 2 T o Al &= object o7 L&A

As:

ol = A Fol o3| A3 A T (F3),
72k

] L=

1

PyObject *PyTypeObject .tp_dict
Bl YAl PyType Ready ()l &3l o 7]l A &g Ut

This field should normally be initialized to NULL before PyType_Ready is called; it may also be initialized to
a dictionary containing initial attributes for the type. Once Py Type_Ready () has initialized the type, extra
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attributes for the type may be added to this dictionary only if they don’ t correspond to overloaded operations (like
__add__()).

2

i ©
ru& FP‘I o oy

AH

odh

of &3 &5 A FFUTh (o719 Ao o ERFEE T2 WAUSS T3 &

r{r
b

J
] bds
o] Z

BA
E7FNULLO®, PyType_Ready ()& A A& S FUTH

AI: PyDict_SetItem()S AFEAYV THE Ao 7 Y8 C-APIZ tp_dictE A=
2o s e

RERS WY

descrgetfunc Py TypeObject .tp_descr_get
“TY 23 Y H get” Sk o] T3 M EHA Z olE.

B4 AL e 2t

[PyObject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type);

As
oldr=AMH YPog AEHH UL
descrsetfunc PyTypeObject .tp_descr_set
Haage e AR sn A e 9 g ol oet AE A
B4 A gL et gaUch

Hl

) Eﬂ.

R

[int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value);

value AR} - 2HA517) 98] NULLE A g U o
As

o B Au Yoz 4EPYrh

Py_ssize_ t PyTypeObject .tp_dictoffset
o] PO AArE Ao JAAEA HLE 2= gAY 7 J o™, o] BE=00] oW JAA-H A Hp
gy g o] A" oA L ZAES E&FTh 0] LEAMNL Pyobject_GenericGetAttr () ol

A A28t
ol BEE tp_dict? EFEA MAAL; TALS W AR AA 2] o= el HEol vat B e QU

If the value of this field is greater than zero, it specifies the offset from the start of the instance structure. If the value
is less than zero, it specifies the offset from the end of the instance structure. A negative offset is more expensive to
use, and should only be used when the instance structure contains a variable-length part. This is used for example
to add an instance variable dictionary to subtypes of str or tuple. Note that the tp_basicsize field should
account for the dictionary added to the end in that case, even though the dictionary is not included in the basic
object layout. On a system with a pointer size of 4 bytes, tp_dictoffset should be set to —4 to indicate that
the dictionary is at the very end of the structure.

The tp_dictoffset should be regarded as write-only. To get the pointer to the dictionary call
PyObject_GenericGetDict (). Calling PyObject_GenericGetDict () may need to allocate mem-
ory for the dictionary, so it is may be more efficient to call PyOb ject_GetAttr () when accessing an attribute
on the object.

Al
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This field is inherited by subtypes, but see the rules listed below. A subtype may override this offset; this means that
the subtype instances store the dictionary at a difference offset than the base type. Since the dictionary is always
found via tp_dictoffset, this should not be a problem.

When a type defined by a class statement has no

__slots__ declaration, and none of its base types has an

instance variable dictionary, a dictionary slot is added to the instance layout and the tp_dictoffset is set to

that slot’ s offset.

When a type defined by a class statement has a

from its base type.

(Adding a slot named

7] 8%k

This slot has no default. For static types, if the field is NULL then no

initproc PyTypeObject .tp_init

Aael 27)38} ol Tk |4 =

This function corresponds to the

method again.

B4 He Thes 2ok

_dict__
confusion. Maybe this should be added as a feature just like

to the

__init_
instance without calling ___init_

__slots__ declaration, the type inherits its tp_dictoffset

__slots__ declaration does not have the expected effect, it just causes

__weakref__ though.)

__dict__ gets created for instances.

o

fE

El.

() method of classes. Like __init__ (), itis possible to create an

(), and it is possible to reinitialize an instance by calling its __init__ ()

[int tp_init (PyObject *self, PyObject *args, PyObject *kwds);

The self argument is the instance to be initialized; the args and kwds arguments represent positional and keyword

arguments of thecallto __init__ ().

NULLo] opd wl, tp_init € B2 SES AXTBAS FFH o 5w, J9 tp_new T}
B JAAAE NBG T FZHUL tp_new F57h Aol ] A8 Fo opd ThE Jo] AnEInE
W, ot tp init 4 E SEHA FFUTH tp_new’t A Y A B P A2HAE WES
st HE o] tp init7FZEHUTh

dEetd 0 whEskal, o 8 Alofl = 18 Wkehetal o 9] & A B P oh

As

o BEL B Foz gEPuc

].‘i71—
T
For static types this field does not have a default.
allocfunc PyTypeObject .tp_alloc

QI AE A B} Fh2o) Sk M El A ZOlE,

S5 AL e 2o
[Pyobject *tp_alloc (PyTypeObject *self, Py_ssize_t nitems);

Az

ol 2= AA ME Pl Ao FLEHAA R A AME Y (EWHE LR TEol AH Gl AE5FH A
U Th

72 %k

FAANB Y AP, ol BEE £F Y T AT AASH] Al F pyType GenericAlloc ()2
2 A3E Ut
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For static subtypes, PyBaseObject_Type uses PyType_GenericAlloc (). That is the recommended

value for all statically defined types.

newfunc PyTypeObject .tp_new

A AEIA A 4o T s A el A ZolE.

A
T A2 e 2Eyth

[PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds);

J

subtype Q1A= WS o] X 11 = AA 9] A YU args 2} kwds QA A= & %4 A7 = S
BRItk subnypeo] cp_new Bt BES S 33 2E BRE BE0] HATHIAL; o] G A
B & Yot (1A Belo] gl BL ol ).

tp_new 4= AR Oﬂ —'—71% & }st7] 93l subtype->tp_alloc (subtype, nitems) & &

ok o, 18 ohg % D02 BFe £ 2715HE S e oF Fink DA FATAL R

Sl -%715}* tp_ lnlt A 2] 7] w2 & oF ot Zhsk A2, B PO A BRE 27V|EV}
, 71

A]
FI B 7R 2713 = tp_init2 FH Ao FYth
Setthe Py TPFLAGS_DISALLOW_INSTANTIATION flagto disallow creating instances of the type in Python.
A

This field is inherited by subtypes, except it is not inherited by static types whose tp_base is NULL or
&PyBaseObject_Type.

msL' e

_|_4

723k

For static types this field has no default. This means if the slot is defined as NULL, the type cannot be called to
create new instances; presumably there is some other way to create instances, like a factory function.

freefunc Py TypeObject .tp_£free

OA~E A o} A ol 3 A Fo

- v

)

- A

e 25U

flo

[void tp_free(void *self); ]

o] Y T2 = 7|3 A= PyoObject_Free () YUt

As

ol == HA AE Yol ool FEHAT, FHAME F (AW Tz wEolI AE F)ole FEHHA
o) e T;}-

AE =] .

7183k

In dynamic subtypes, this field is set to a deallocator suitable to match PyType_ GenericAlloc () and the
value of the Py TPFLAGS_HAVE_GC ﬂag bit.

For static subtypes, PyBaseObject_Type uses PyObject_Del ().

inquiry PyTypeObject .tp_is_ge

7R A R 710 A T EEE ol thE AE A 24 H.

The garbage collector needs to know whether a particular object is collectible or not. Normally, it is sufficient
to look at the object’ s type’ s tp_flags field, and check the Py TPFLAGS_HAVE_GC flag bit. But some
types have a mixture of statically and dynamically allocated instances, and the statically allocated instances are
not collectible. Such types should define this function; it should return 1 for a collectible instance, and 0 for a
non-collectible instance. The signature is:

[int tp_is_gc (PyObject *self); ]

280
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(The only example of this are types themselves. The metatype, Py Type_ Type, defines this function to distinguish
between statically and dynamically allocated types.)

Al

This slot has no default. If this field is NULL, Py TPFLAGS_HAVE_GC is used as the functional equivalent.
PyObject *PyTypeObject .tp_bases

Wol2g o] R E

This field should be set to NULL and treated as read-only. Python will fill it in when the type is initialized.

For dynamically created classes, the Py_tp_bases slot can be used instead of the bases argument of
PyType_FromSpecWithBases (). The argument form is preferred.

7 11: Multiple inheritance does not work well for statically defined types. If you set tp_bases to a tuple,
Python will not raise an error, but some slots will only be inherited from the first base.

Al

o] £

ae o

=& 4554 gyt
PyObject *Py TypeObject .tp_mro
§ AA o)A Al Zshe] object 2 Bib SAE Wl A% AL EFIE F

e

This field should be set to NULL and treated as read-only. Python will fill it in when the type is initialized.
Az
o] EEE LA AF UL PyType_Ready () ol &&= ALt Ut
PyObject ¥*Py TypeObject .tp_cache
A7) U TE i A g
Az
ol A== A& A kFUTh
PyObject *PyTypeObject .tp_subclasses
List of weak references to subclasses. Internal use only.
A5
ol dEE ALHA Y5
PyObject *Py TypeObject .tp_weaklist
o] @ Aol gt oFF FXE AT I Fx 2|2 = ASHA ST R A8
As:
ol A== A& A dFUTh
destructor Py TypeObject .tp_del
ol A== HAAFHAFUTE thA tp_finalized AHGSHAA L.
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unsigned int Py TypeOb ject .tp_version_tag
A= FfAl ol Qe sk o] AHEH Ut R A8
As
ol dEE AEHA YsUTh

destructor PyTypeObject .tp_finalize
A" gfold el A o] A ghprof] theh A8 A 2<

de A ZAH. A7

o=t 2

ofy

Ytk

rlo

[void tp_finalize (PyObject *self);

tp_finalizeZ} AARAE A, A ZEH+= J__I;Zji\_‘__,_ sloldglo] = & uj o]
A 4 (A28 ATl E B ool A 499 AR 2 o)
oL ZolE, FR ¢3S E7] A &5 o Zé ZgHC e AAE RES

tp_finalizet @A o2 JE)E WABA erobol FUTH whebA] AL sHA) e shold ol A E
A5 B EL B 2tk

f ﬂ m{m
3 fx
)
=
fof
ey
binil}
<
o

g
static void

local_finalize (PyObject *self)
{

PyObject *error_type, *error_value, *error_traceback;

/* Save the current exception, if any. */
PyErr_Fetch (&error_type, &error_value, &error_traceback);

/% coo ¥Y

/* Restore the saved exception. */
PyErr_ Restore (error_type, error_value, error_traceback);

Also, note that, in a garbage collected Python, tp_dealloc may be called from any Python thread, not just
the thread which created the object (if the object becomes part of a refcount cycle, that cycle might be collected
by a garbage collection on any thread). This is not a problem for Python API calls, since the thread on which
tp_dealloc is called will own the Global Interpreter Lock (GIL). However, if the object being destroyed in turn
destroys objects from some other C or C++ library, care should be taken to ensure that destroying those objects on
the thread which called tp_dealloc will not violate any assumptions of the library.

Al:
ol = AME PO ASH YT
WA 340 F7}

H 7 3.89] 4] ¥ 7 : Before version 3.8 it was necessary to set the Py TPFLAGS_HAVE_FINALIZE flags bit
in order for this field to be used. This is no longer required.

o] B7):
“chzA 8 7 7] Tho] L2 A o] 47 (PEP 442)
vectorcallfunc PyTypeObject .tp_vectorcall

Vectorcall function to use for calls of this type object. In other words, it is used to implement vectorcall for

type.__call__. If tp_vectorcall is NULL, the default call implementation using __new__ () and
__init__ () isused.
Az

ol =& AEH A dsUth
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WA 390 7} (2= 3.88E EA8H A w397 AFEH UL

12.3.6 Static Types

Aoz, CaEoN FAH F A A (static) YU T, & A A pyTypeobject F2AE ZEA A4
1l PyType_Ready ()& A& 27|13 Yt
Ho

AR W AR (22 o 59 AABAL o UThE B Th stol WA 8 AFo) o EeRES

o A @ AR A B AEzelEo A FREER, AE Az Y FE FE & 25HA ot Fu T

Also, since PyTypeObject is only part of the Limited API as an opaque struct, any extension modules using static
types must be compiled for a specific Python minor version.

0|

1237 & &
An alternative to static types is heap-allocated types, or heap types for short, which correspond closely to classes created
by Python’ s class statement. Heap types have the Py_ TPFLAGS_HEAPTYPE flag set.

This is done by filling a PyType Spec structure and calling PyType FromSpec (),
PyType_FromSpecWithBases (),or PyType_FromModuleAndSpec ().

12.4 X} A 2 2A

type PyNumberMethods
of FRAE AN A ZRESS T
57 22 EZ AR A A G o]

224 Aoe e 2ayrh

>,
ofo
k)
rlr

o
4
=2
)
<
Hl
rO
,
et
ot
fy
<
In)
)
s
-
rlr

(typedef struct {
binaryfunc nb_add;
binaryfunc nb_subtract;
binaryfunc nb_multiply;
binaryfunc nb_remainder;
binaryfunc nb_divmod;
ternaryfunc nb_power;
unaryfunc nb_negative;
unaryfunc nb_positive;
unaryfunc nb_absolute;
inquiry nb_bool;
unaryfunc nb_invert;
binaryfunc nb_1lshift;
binaryfunc nb_rshift;
binaryfunc nb_and;
binaryfunc nb_xor;
binaryfunc nb_or;
unaryfunc nb_int;
void *nb_reserved;

(THS sl el Aol A<)

124. =X} A LA 283




The Python/C API, 2 2|A 3.11.14

unaryfunc nb_float;

binaryfunc nb_inplace_add;
binaryfunc nb_inplace_subtract;
binaryfunc nb_inplace_multiply;
binaryfunc nb_inplace_remainder;
ternaryfunc nb_inplace_power;
binaryfunc nb_inplace_lshift;
binaryfunc nb_inplace_rshift;
binaryfunc nb_inplace_and;
binaryfunc nb_inplace_xor;
binaryfunc nb_inplace_or;

binaryfunc nb_floor_divide;
binaryfunc nb_true_divide;
binaryfunc nb_inplace_floor_divide;
binaryfunc nb_inplace_true_divide;

unaryfunc nb_index;
binaryfunc nb_matrix multiply;

binaryfunc nb_inplace_matrix multiply;
} PyNumberMethods;
.

(e1A sl o] A ol A AI5)

S o193 48 gt RE Aaude 4% Fae,
AR % She Aol H B AAH AU, &
o]8}3} AFe)l 4= Py NotImplementedZ HFES)
el & AR oF Pyt

TFEs oYL (Hoj =
Asko] FolE A ko,
A sHd NULL S HHEHEE

Z31: The nb_reserved field should always be NULL. It was previously called nb_10ong, and was renamed

in Python 3.0.1.

binaryfunc PyNumberMethods .nb_add
binaryfunc PyNumberMethods .nb_subtract
binaryfunc PyNumberMethods .nb_multiply
binaryfunc PyNumberMethods .nb_remainder
binaryfunc PyNumberMethods .nb_divmod
ternaryfunc PyNumberMethods .nb_power
unaryfunc PyNumberMethods.nb_negative
unaryfunc PyNumberMethods .nb_positive
unaryfunc PyNumberMethods .nb_absolute
inquiry PyNumberMethods .nb_bool

unaryfunc PyNumberMethods.nb_invert
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binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.

binaryfunc PyNumberMethods.

nb_lshift
nb_rshift
nb_and
nb_xor

nb_or

unaryfunc PyNumberMethods .nb_int

void ¥*PyNumberMethods.nb_reserved

unaryfunc PyNumberMet hods.nb_float

binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods .

binaryfunc PyNumberMethods.

ternaryfunc PyNumberMet hods .

binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
unaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods

]|
o

12.5 0O

nb_inplace_add
nb_inplace_subtract
nb_inplace_multiply
nb_inplace_remainder
nb_inplace_power
nb_inplace_1lshift
nb_inplace_rshift
nb_inplace_and
nb_inplace_xor
nb_inplace_or
nb_floor_divide
nb_true_divide
nb_inplace_floor_divide
nb_inplace_true_divide
.nb_index

.nb_matrix multiply

.nb_inplace_matrix_multiply

AH A=A

type PyMappingMethods
of AL AN} i} 22 EZ L FATE vl A SE Bl A ZAE S FHUh Al A
=o 7} Sl ek:
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lenfunc PyMappingMethods .mp_length
o] ¥ PyMapping_Size ()9} PyObject_Size ()| A AH&H M, 22 AW Z ZE5Uth A4 9

dol7h oy H o] 917 o o] 2L NULLE 4B 5 &It

binaryfunc PyMappingMethods.mp_subscript
o] & £ = PyObject_GetItem()¥  PySequence_GetSlice()o A AF & T
PyObject_GetItem() ¥ Z2 MY & zZtH5 Uty PyMapping Check () &7F 12 W3St

o] 22 AgeRith 137 ko v nuLLd 4 A5y
objobjargproc PyMappingMethods.mp_ass_subscript

This functionisused by PyObject_SetItem(),PyObject_DelIltem(),PySequence_SetSlice ()
and PySequence_DelSlice (). It has the same signature as PyObject_SetItem (), but v can also be
set to NULL to delete an item. If this slot is NULL, the object does not support item assignment and deletion.

12.6 A[FHA A A

type PySequenceMethods
of FRA= AN A AL TREFS TS H A she drol i 2RIH S Ee Ut

lenfunc PySequenceMethods.sq_length
o] & E PySequence_Size ()%} PyObject_size () olA AH&E M, T2 AW 55Utk £3
sq_item¥} sq_ass_itemEeES 53 S5 AHd2E A2 sk ¢ AFEH U Th

binaryfunc PySequenceMethods.sq_concat
o] ¥+ PySequence Concat () oA ARGH M 22 AW S Zr5UTH nb_add €% 3l <A
SQAS AR &, + AabAo A = AR U Th

ssizeargfunc PySequenceMethods.sq_repeat
o] &4 PySequence_Repeat () oA AHGH M Z-& AW E 25U nb_multiply %< &9l
SRS NESF, * AN E AP

ssizeargfunc PySequenceMethods.sq _item
o] $5+ Pysequence_GetTtem()o| A A& 2 B e ZEUTh mp_subscript
2L 53 A B 23 YA (subscription) & A| =8 &, PyObject_GetItem()oA = A& Y th
PySequence_Check () @47 1S ¥I33teld, o] €2 & A Yokttt 28X oW NULLY &
P!
Negative indexes are handled as follows: if the sg_length slot is filled, it is called and the sequence length is
used to compute a positive index which is passed to sq_item. If sg_length is NULL, the index is passed as
is to the function.

ssizeobjargproc PySequenceMethods.sq_ass_item
] u—,——: PySequence_SetItem/() Oﬂ/ﬂ AR E T e AEE 25 Ytk mp_ass_subscript &
22 5 FE dYH A E A =3 F, Pyobject_SetItem ()3 PyObject_Delltem()oA %
AHEE YT A 7L S o A A A E X] YotA o o] EXSNULLE FA & & d5Uth
objobjproc PySequenceMethods.sq_contains
o] ¥4 PySequence_Contains () oA AFEE 5= 9 . 0]
FA = 7 ds5Uth o]uf PySequence_Contains () & G285k A& 2= W] 7HA] A/ AL E <9
AT

binaryfunc PySequenceMethods.sq_inplace_concat

[o
H
M
rlo
>
of,
fifo
P
oy
A
v
(]
ffy
il
rlo
=
G
&
£
u

of e+ PySequence InPlaceConcat () A A5 m Z& AL 51Utk A WA I
AMNRE 243t 1AL HEE o gyt o £F LS NULLE YA E 4 9o, ouf
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PySequence_InPlaceConcat () 2 PySequence_Concat () 22 ZW H Ut} nb_inplace_add
222 59 S AR HAL ARE T, 52 O -olA ST Uk

=2 AN =

ssizeargfunc PySequenceMethods.sq _inplace_repeat
o] &+ PySequence InPlaceRepeat ()N A AF&E W & AW 25
A AANRNE 2AHL AL Wl FuUTh o] SEL NUL
w, o] uw] PySequence_InPlaceRepeat () ¥ PySequence_Repeat
nb_inplace multiply €% S8 A Al A8 FAES A X3

gy,

12.7 B AN L= A|

type PyBufferProcs
of FRA = WY 22 EZ Q3% Fof that 2AHE F5Uth Z2EF2 Al-F A (exporter) 2
A 7F W5 ol o ] 2 4]} A o %dh%ﬁ%%ﬂﬂqw

getbufferproc PyBufferProcs.bf_getbuffer
o] F4o] MWL The 3} 2o Th

[int (PyObject *exporter, Py_buffer *view, int flags); ]

view S A9-7) 18] exporerc] T 2k flagse] A1 8H 24 MGtk ZAE (3) & A9 3L, o] T4
TS T BAE v A S of g
(1) Check if the request can be met. If not, raise Buf ferError, set view—>0bj to NULL and return - 1.
@ 249 2=% AeUch
(3) WEWZ] Sofl th et 7 7 HE S 7MY T
(4) Set view—>ob7j to exporter and increment view->obj.
(5) 0= REAgY T
exporter7} W3 B2 A1) Ao} Eele] AXow, T 74 2 AAE AR 5 AU
» Re-export: Each member of the tree acts as the exporting object and sets view—>obj to a new reference
to itself.
o Redirect: The buffer request is redirected to the root object of the tree. Here, view—>o0bj will be a new
reference to the root object.
viewe] 78 BEL AA W 2zAe] Aol gow, AFA 5 LB SNk e FHL
A4 W 24 fgel dEUTh
Py buffer FZANA 7te] 7= EE WE g = AlF Al Al £t &2 2827} flojd w72 #
JdfoF Yt} format, shape, strides, suboffsets @ internald 28| A A= 7] A€ Y

e},

PyBuffer Filllnfo()=RE A F3J&
g5 Qe S AT

PyObject_GetBuffer ()& °] &5E ARE 2HAL & AdE o)A d Y

filo

2 A Aot A gt utol Ed WH & 47 =&

releasebufferproc PyBufferProcs.bf_releasebuffer
ol B0l AL tpe T 2oy

[void (PyObject *exporter, Py_buffer *view);
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W A WA 232 ARG AUL AAT T2 gle
bf releasebuffer=NULLY $ QS5UTH 212X oy o] a4 &L
GHAE YT

() WEW7] S5 st Y& 728 E gyt

(2) ZF2EI7F0o1d, views} FHH 2E W22 £ A T

AZAE MEA internal BEES A0l W 54 A0S F Aok Gtk o] AL WG A
O3 FAH o] B Ao, An] A Al W3] AR view AALE DB S YguIth

2= T M

, PyBufferProcs.
Lggn e A

el (g

This function MUST NOT decrement view—>o0b j, since that is done automatically in PyBuffer_ Release ()
(this scheme is useful for breaking reference cycles).

PyBuffer Release ()+w ©] 7]5< A= Au| A} & Qg FH o]~ YT

12.8 H|S7| A L =A|

W7l 3,50 7%
type PyAsyncMethods

o] FZAE o] 9ol Bl Eo} v 5 7] o[l lo]E] AME FASE vl B2 T F4ol U EAHE B
e,

TF2A Aot e n 2E Uk

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
sendfunc am_send;

} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await
o] g9 N H L the 3 2HUTh:

[PyObject *am_await (PyObject *self); ]

The returned object must be an iterator, i.e. PyIter_Check () must return 1 for it.
AR 7} o] 9o B o] oW o] £ES NULLE AR T 5 Y5t
unaryfunc PyAsyncMethods.am_aiter

o] 4o WL e 2Tk

[PyObject *am_aiter (PyObject *self); ]
Must return an asynchronous iterator object. See __anext___ () for details.
AA 70157 o el ol A =R ESS TASA ¢ow o] LR NULLE A48 5 AFUTH

unaryfunc PyAsyncMethods .am_anext
o] g2 ML b3} 2HUTh

[PyObject *am_anext (PyObject *self); ]

Must return an awaitable object. See __anext___ () for details. This slot may be set to NULL.

288 Chapter 12. Z{H| 718 x|



The Python/C API, E2|A 3.11.14

sendfunc PyAsyncMethods.am_send

o] 4o A WL e 2T

[PySendResult am_send (PyObject *self, PyObject *arg, PyObject **result);

See PyIter_Send () for details. This slot may be set to NULL.
B A 3.100] =7}

129 =2 & typedef

typedef PyObject *(*alloefunce)(PyTypeObject *cls, Py_ssize_t nitems)
Part of the °+7J ABI. The purpose of this function is to separate memory allocation from memory initialization.
It should return a pointer to a block of memory of adequate length for the instance, suitably aligned, and initialized
to zeros, but with ob_refcnt setto 1 and ob_t ype set to the type argument. If the type’ s tp_itemsizeis
non-zero, the object’ s ob_ s i ze field should be initialized to nitems and the length of the allocated memory block
should be tp_basicsize + nitems*tp_itemsize, rounded up to a multiple of sizeof (void*);
otherwise, nitems is not used and the length of the block should be tp_basicsize.

ol B4t ThE AAHA 2752 £33 gholof Ft, 27 M melE TE o HUrh 1A
tp._newdl 215 53] o] of T},

typedef void (*destructor)(PyObject*)
Part of the 27 ABL

flo

typedef void (*£reefunc)(void*)
tp_freed ZARIAIAL.
typedef PyObject *(*newfunc)(PyObject*, PyObject*, PyObject*)
Part of the VA ABL tp_news ZFZIHA|L
typedef int (*initproc)(PyObject*, PyObject*, PyObject*)
Part of the 7 ABL tp_initE& ZRIHAIL
typedef PyObject *(*reprfunc)(PyObject*)
Part of the 7 ABL tp_repr& ZZ3IHAIL
typedef PyObject *(*getattrfunc)(PyObject *self, char *attr)
Fart of the 273 ABL A 9] M H o] EE{E 1S &g}
typedef int (*setattrfunc)(PyObject *self, char *attr, PyObject *value)

Part of the 2+ ABL A2 ¥ o] EgHE S At o] EgBHEE 2143} A value 9127+
NULLE AA Yt

typedef PyObject *(*getattrofunc)(PyObject *self, PyObject *attr)
Part of the 9% ABL A7 9] W o] Ee] BE g W Th

tp_getattros FZRIIAIAL

typedef int (*setattrofunc)(PyObject *self, PyObject *attr, PyObject *value)

Part of the 173 ABL A2 W H o] EHE g= AR FUtH o] EBHEE A4 512 W value A7+
NULLZ AAF Yt}

tp_setattros FTZRIAA|L.
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typedef PyObject *(*descrget func)(PyObject*, PyObject*, PyObject*)
Part of the 27 ABL See tp_descr_get.
typedef int (*desecrset func)(PyObject*, PyObject*, PyObject*)
Part of the 27 ABL See tp_descr._set.
typedef Py_hash_t (*hashfunc)(PyObject*)
Part of the V7 ABL tp_hashg ZFZ 3} A L.
typedef PyObject *(*richempfunc)(PyObject*, PyObject*, int)
Part of the V7 ABL tp_richcompares FZ Al L.
typedef PyObject *(*getiterfunc)(PyObject*)
Part of the V74 ABL tp_iterE FZ3HA L.
typedef PyObject *(*iternext func)(PyObject*)
Part of the 7 ABIL tp_iternextg& ZFZ Al L.
typedef Py_ssize_t (¥*1lenfunc)(PyObject*)
Part of the 27 ABL
typedef int (*getbufferproc)(PyObject*, Py_buffer*, int)
typedef void (*releasebufferproc)(PyObject*, Py_buffer*)
typedef PyObject * (*unaryfunc)(PyObject*)
Part of the Q7 ABL
typedef PyObject *(*binary£func)(PyObject*, PyObject*)
Part of the Q7 ABL.
typedef PySendResult (*sendfunc)(PyObject*, PyObject*, PyObject**)
See am_send.
typedef PyObject *(*ternaryfunc)(PyObject*, PyObject*, PyObject*)
Part of the 27 ABL
typedef PyObject *(*ssizeargfunc)(PyObject*, Py_ssize_1)
Part of the Q7 ABL
typedef int (*ssizeobjargproc)(PyObject*, Py_ssize_t, PyObject*)
Part of the Q7 ABL
typedef int (*fobjobjproc)(PyObject*, PyObject*)
Part of the Q7 ABL
typedef int (*fobjobjargproc)(PyObject*, PyObject*, PyObject*)
Part of the Q7 ABL
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th&2 ghol &l 3 oo st o duth of 7)ol = o g o] vhd o = ERbHQl AR o] 3 YT
QHE Jhrhe & 1] Al HolF Itk O B2 ol A, A5 A1 % A< AL defining-new-types 2} new-types-
topics & FZ YA L

A basic static type:

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_new = myobj_new,
.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

bi

O A3 27181442 AFgSHE o] A TE (53] CPython TE Wlo] 2o A) 2 S S % U th

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)

"mymod.MyObject", /* tp_name */
sizeof (MyObject), /* tp_basicsize */

5 /* tp_itemsize */
(destructor)myobj_dealloc, /* tp_dealloc */
0, /* tp_vectorcall_offset */
0, /* tp_getattr */
0, /* tp_setattr */
0, /* tp_as_async */
(reprfunc)myobj_repr, /* tp_repr */
0, /* tp_as_number */
0, /* tp_as_sequence */
0, /* tp_as_mapping */
0, /* tp_hash */
0, /* tp_call */
0, /* tp_str */
0, /* tp_getattro */
0, /* tp_setattro */
0, /* tp_as_buffer */
0, /* tp_flags */
PyDoc_STR ("My objects"), /* tp_doc */
0, /* tp_traverse */
0, /* tp_clear */
0, /* tp_richcompare */
0, /* tp_weaklistoffset */
0, /* tp_iter */
0, /* tp_iternext */
0, /* tp_methods */
0, /* tp_members */
0, /* tp_getset */
0, /* tp_base */

(TH& sl el Aol A1)
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(e1A sl o] A ol A AI5)

0, /* tp_dict */
0, /* tp_descr_get */
0, /* tp_descr_set */
0, /* tp_dictoffset */
0, /* tp_init */
0, /* tp_alloc */
myobj_new, /* tp_new */

bi

oFeh EZ, Aada B Ve B A4S A A5k B

typedef struct {
PyObject_HEAD
const char *data;
PyObject *inst_dict;
PyObject *weakreflist;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_weaklistoffset = offsetof (MyObject, weakreflist),
.tp_dictoffset = offsetof (MyObject, inst_dict),
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = myobj_new,

.tp_traverse = (traverseproc)myobj_traverse,
.tp_clear = (inquiry)myobj_clear,

.tp_alloc = PyType_GenericNew,

.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

.tp_hash = (hashfunc)myobj_hash,

.tp_richcompare = PyBaseObject_Type.tp_richcompare,
bi

A str subclass that cannot be subclassed and cannot be called to create instances (e.g. uses a separate factory func) using
Py_TPFLAGS_DISALLOW_INSTANTIATION flag:

typedef struct {
PyUnicodeObject raw;
char *extra;

} MyStr;

static PyTypeObject MyStr_Type = {
PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "mymod.MyStr",
.tp_basicsize = sizeof (MyStr),
.tp_base = NULL, // set to &PyUnicode_Type in module init
.tp_doc = PyDoc_STR("my custom str"),
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_DISALLOW_INSTANTIATION,
.tp_repr = (reprfunc)myobj_repr,
bi

The simplest static type with fixed-length instances:
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typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "mymod.MyObject",

bi

The simplest static type with variable-length instances:

typedef struct {
PyObject_VAR_HEAD
const char *datall];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

12.11 =8} JHH|X| =& X|&H

€8 228 DY ANAS BARD 2 ol Ade o) Ao Y 2 9k oS A7)
“AHelv” ¢ A7) Fe) A Aol BRIk the A o) that F=2E A3A A, mfﬂm A}
Aol thet F2 A G B2 A 2o thak o @ WA A AL ATE DL 9HUTh

A" ol P wEY, & AAY tp flags BETJ} Py TPFLAGS_HAVE _GCE Z 3] oF a1
tp_traverse A 2]7] @S AlFaf o FUTh PO A2RHXAT}F 7hHOIW, tp _clear THE A|F3) oF

Py TPFLAGS_HAVE GC
ol a7t AAHE F AA = A7 2HE FAS EFMoF dUh HE SlE o] H 3 AAE
2" ol AA et skl U th

A" ol W F Y AP A= F 7HA A& 78l oF U th
1. AA) W2 8= Pyobject_GC_New Y PyObject_GC_NewVars AR2-dlo] avtaf of gk ).
2. 2 AE oo st F2E 23S ¢ Qe BRE D=V 2785, PyObject_GC_Track ()& &
Zaf o Fyth
7 A &2, AR o] sl Al AL (deallocator) &= Bl 528k o 2 A& &4 of g th:
L o2 AH oIV S Fxsh= =7 783t 5 7] doll, Pyobject_GC_UnTrack ()& TE 8 oF FY T
2. AR 9] WK 28l= PyObject GC_Del ()& AHgdto] & o Al & of oF it

74 11: If atype adds the Py_TPFLAGS_HAVE_GC, then it mustimplement atleasta t p_ t raverse handler
or explicitly use one from its subclass or subclasses.

When calling PyType_ Ready () or some of the APIs that indirectly call it like
PyType_FromSpecWithBases () or PyType_FromSpec () the interpreter will automatically
populate the tp_flags, tp_traverse and tp_clear fields if the type inherits from a class that
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implements the garbage collector protocol and the child class does not include the Py_ TPFLAGS_HAVE_GC
flag.

PyObject_GC_New (TYPE, typeobj)
PyObject NewStfAFSHAIRY, Py TPFLAGS_HAVE_GC & 217F AR A AH oY AAE A3 2.
PyObject_GC_NewVar (TYPE, typeobj, size)
PyObject_NewVar®-FAFstA| Wt Py TPFLAGS_HAVE _GCZE|27FAAE Ad o)y AAE ¢34
PyObject_GC_Resize (TYPE, op, newsize)
PyObject_NewvVaro] o3 &FH A 271& HAFUTE B TYPE* (2E C 3 UeEbdUh 9
2717t 23" AA v A s shd NuLLg HEghey T
op= @ pyvarobjectrolojof Bt okd A7) 7t A5 okl FUTh newsize: I
Py_ssize_to]ojok gtk
void PyObject_GC_Track (PyObject *op)
Part of the 2+7 ABL 5+ A 717} F A st= e o]y AA| A gtoll AA ops F7FAUTH A 7= <714
e Al 49 $glons 2ANE S AN R EA} YL op_traverse el B
st BE A=V FANAYE TS of duth HE A 2R E ZA YU
int PyObject_IS_GC (PyObject *obj)
AR 7} 740 A A7) 22 EZS FASHE 00] obd ghs WHEeta, 23 A ko0

Kol
o] F57H0L WA il A £ AN AN E AL S GHUTh

o

ukekgh o

z)

int PyObject_GC_IsTracked (PyObject *op)
Partof the SV ABI ¥ A 3.9 0|22, op2] AR Ho|GC ZE2EZE T3 opZ} A 7 X A 7] 7}
24 Fol W 12 MEs T 1A ¢o® 0S uag o
o] A2 ol T ge. is_tracked () of T T
WA 3.9 =7}
int PyObject_GC_IsFinalized (PyObject *op)
Part of the +73 ABI W 3.9 o] & 2. opo] AA| Fo] GC ZE2EZE T3 7 A =74 7] 7} opE o] 1]
ol detol = PoW 1S 1gazzaﬂﬁgmo°w%§ww
o] AL glo] A S ge.is_finalized () o | ZFgY
B A 3.9 F7}.
void PyObject_GC_Del (void *op)
Part of the V7% ABL. PyObject_GC_New Y PyObject_GC_NewVarS AFR3lo] Ao &dd W2
22 34 g ok
void PyObject_GC_UnTrack (void *op)

Part of the VA ABL £ A 717} 2A3= A" oy AA JATAA op BAE A AT
PyObject GO Track ()8 o AR\ thal ThAl BEete] 22 A Aol thAl 778 5 9)
FYFAHA L. G AR (tp_dealloc A7) tp_traverse A8l 7| oA AL-&3F+= =7}

3} = 7] Aol Aol sl o] g EE 3 oF Tt
WA 3804 WMA: _PyObject_GC_TRACK () I _PyObject_GC_UNTRACK () WlZ 2= Z8& C APIYA]

AAE A5

tp_traverse Ag)7lE T 2L W) G w7 W4T Wols T

folr =

KN
=
=]

RS
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typedef int (*visitproc)(PyObject *object, void *arg)
Part of the VA ABIL. tp_traverse A8 7|o] AGT = WEX 49 §. o] g
objectZ, tp_traverse A 7|9 Al MR w7/ A4S argE SET oo Ut} =
A A FAS] A o] R TS S AL TH AR AP ALY B2 A B
FARE otk

tp_traverse 212 7] OhS & olofof FLTh
typedef int (*t raverseproc)(PyObject *self, visitproc visit, void *arg)
Part of the 970 ABL el o] 1] A7) o) €A §4 T, T AL selfol 47 EFE 7+ A ol thal visic
S8 S5l oF 3l visiroll T St v 7)) A= 23 Aot A2l 712 AL H arg A Ytk visit =
NULL object Q1 AF2 F =35 oF F U th visit7}00] obd 7k Whashd 1 gho] S A] Whgks of of ?M t}.
tp_traverse A 27] A4 <& %Lﬂﬁ}ﬂ &, Py _VISIT() UH5'_§7} AZHUth o] a8 2 AF2 et ®
tp_traverse FAL Q2] o 58 42| visit % arg = A A3 of g Tk
void Py_VISIT (PyObject *0)
o7} NULL o] ofY ™, 0 &} arg QAVALZ visit NS S &Y visit7} 0] ofd g wiEsld, 221
wigtstUch o] |3 2 & AFRSHY, tp_ traverse A 87| 7F 23 ol Yt

static int
my_traverse (Noddy *self, visitproc visit, woid *arg)
{

Py_VISIT (self->foo0);

Py _VISIT (self->bar);

return O;

}

tp_clear A8 7]+ inquiry o] ALt AA| 7} 8 ¥ o] ¥ NULL o] o] oF gt

typedef int (*inquiry)(PyObject *self)
Part of the +7 ABL HZ &S 4 *éiﬂ% T e F2E AU B AAl= AR <3S AF
AT oo, ol AEE HFo T “‘517} ReUth o] HIANEE z‘z
U TR F2ol 3l Py _DECREF () & TE3A] w4 Al R). o] AA| 7} &
FAZ17F ZA B o] A EE S ST YT

gN' N{N‘

12.11.1 ZHH|X| £H7| &€l M|0{5}17|

The C-API provides the following functions for controlling garbage collection runs.
Py_ssize_t PyGC_Collect (void)

Part of the V7 ABIL Perform a full garbage collection, if the garbage collector is enabled. (Note that gc.
collect () runs it unconditionally.)

Returns the number of collected + unreachable objects which cannot be collected. If the garbage collector is
disabled or already collecting, returns 0 immediately. Errors during garbage collection are passed to sys.
unraisablehook. This function does not raise exceptions.

int PyGC_Enable (void)

Part of the 27 ABI WA 3.10 ©| £ Z. Enable the garbage collector: similar to gc.enable (). Returns the
previous state, O for disabled and 1 for enabled.

WA 3.1009 57}

int PyGC_Disable (void)

Part of the °+7% ABI ¥ A 3.10 ©] & 2. Disable the garbage collector: similar to gc.disable (). Returns the
previous state, O for disabled and 1 for enabled.
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HA 3.109) 57}
int PyGC_IsEnabled (void)

Part of the 7 ABI ¥ A 3.10 ©] & 2. Query the state of the garbage collector: similar to gc . isenabled ().
Returns the current state, O for disabled and 1 for enabled.

B A 3.100] &7}
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API2} ABI BHX E0]7]

CPython exposes its version number in the following macros. Note that these correspond to the version code is built
with, not necessarily the version used at run time.

See C API Stability for a discussion of API and ABI stability across versions.

PY_MAJOR_VERSION
3.4.1a29] 3.

PY_MINOR_VERSION
3.4.1a29 4.

PY_MICRO_VERSION
3.4.1a29 1.

PY RELEASE_LEVEL
3.4.1a29 a. ¢3t= 0xA, W EF= 0xB, Wl Z S H = 0xC, HZ L 0xF 7} 2 4 Q)

I
L
=

PY RELEASE_SERIAL
3.4.1a29 2. 3Z wi==0.
PY_VERSION_HEX
G FeE AT FH stolH WA WA

<
713 A AEE vt 22 A 22 20 E AR A2 st e 5 ey th

HIO|E H|E (8] 9lC|oF £&=A{) E= 3.4.1a2 A ool Zt
1 1-8 PY MAJOR_VERSION  0x03
2 9-16 PY MINOR_VERSION  0x04
3 17-24 PY MICRO_VERSION 0x01
4 25-28 PY RELEASE_LEVEL 0xA
29-32 PY_RELEASE_SERIAL 0x2

WA 3.4.1a2= 1634 A 0x030401a2°]323.10.02 1674 ¥ A 0x030a00£0 J Tt}
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Use this for numeric comparisons, e.g. #1f PY_VERSION_HEX >=
This version is also available via the symbol Py_Version.

const unsigned long Py_Version

Part of the Q7 ABI ¥ A 3.11 ©] 3 2. The Python runtime version number encoded in a single constant integer,
with the same format as the PY_ VERSTON_HEX macro. This contains the Python version used at run time.

B A 3.119) =7}
REE Fo]Z 1] 3 &+ Include/patchlevel.hol] A o] F Ut}
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APPENDIX A

oo
<2
i}

>>>

2to3

The default Python prompt of the interactive shell. Often seen for code examples which can be executed interac-
tively in the interpreter.

e 2e AL A 5 Atk
o The default Python prompt of the interactive shell when entering the code for an indented code block, when

within a pair of matching left and right delimiters (parentheses, square brackets, curly braces or triple quotes),
or after specifying a decorator.

e Ellipsis WZ A4,

A tool that tries to convert Python 2.x code to Python 3.x code by handling most of the incompatibilities which
can be detected by parsing the source and traversing the parse tree.

2to3 is available in the standard library as 1 1b2t 03; a standalone entry point is provided as Tools/scripts/
2t o03. See 2to3-reference.

abstract base class (34 W o] A 8| A)

ZA W o)A Z e A= hasattr () 2

o
WA ) 39, AE s ol 28 B o sk

e Hagse] EdsAY m RS 25 E (& s, A
W AFTezHN & Bhold & Haghrh ABCx= 7Hd A B
]

o

ZYPAE T Ydst=t], ZHAE A SR YO HAME isinstance () 9 issubclass () o o3 2+
Ad e WYYt abc BE AYAE EA Q. sto] o= B2 YA ABC Eo] thgte+=d)
oo e AEo] Y5tk AR FZ (collections.abc RENA), A} (numbers EEA]),
2ET (1o REIA), YFE 32} 2 (importlib.abc EEA]). abc RES AFR3]A] 4L
UHe] ABCE WHE & SlFYth

annotation (¢] %= €] o] A)
HdEol met o JE ZEASHE Uy, SHA AJEYRE B 5 wi7iHs U ukE g A2 H
ol EYd Ytk
A1 A9 o H o] -2 AP A 7ol BA AT 4 GIATH A9 HEy, Fefa 4 D 359 o] mH) o
AL 4 2E, ZH:A, T2 _ _annotations_ §F oJEFRHE AFHUTH
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o] 7152 AW et W4 o] gl o] 4, 34 o] - F o] A, PEP 484, PEP 526 ZZ3H4 2. o] 8o A
2+ o =2 = annotations-howto 2 ZF X314 2.

H
argument (212}
FrETET W T (B A 2 AL

2} (keyword argument) 34 2w AR o)l B2 Q1 3} (o = %o} name=) K= **
= ) =

. A9=Q 4
E Yol 2 9MY 2 AdH = JZ}. A S Sof, b33} 22 complex () TEO|A 3 aJrS -
BE 719 E a9 Yt
complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o A AR} (positional argument): 71 = AAL7F obd AL 9] 2] AAE2 A2 HF9] A S U
At olEl 2] 5 & gl * & 2 AT = dFUTh ol E 5o, R 22 TEMA 345 &

B 9] %] QA e,

complex (3, 5)
complex (* (3, 5))

Holl g5 = 7 HESoll hafj Al = calls 2=

U Th el grol o] o] o g Y o,
Bl v FETRFAQ A& AR} v /| o] o] 2} PEP 3625 H A&

asynchronous context manager (V)% 7] AH A E #Aa]z})
__aenter_ () &}__aexit_ () MIAEE AT O ZH async with FojA] Hol= 3732 Ao]3d}
= AA. PEP 4928 = Y= A5tk

asynchronous generator (B]% 7| A4 o] €])
v]5 7] Al el ol g olE gl ol & F2lF= 5. async def 2 BoH=F
async for SZ7} AL £ = dHe —%% UEEvield XA S Z
HE A5 7] Al e oIy g8 7Hel 7| A, o] | ol A = vl5 7] Al v &l o]
Itk o et o vl 7t WaehA e A9, AT S5 AN REFL ¢

B E 7] Alv g olg &4+ await EAA I, asyne for £}, asyne with &

r]r
31;

asynchronous generator iterator (¥]-5 7] A 2| o] €] o] €] o] ¥])
a5 7] Al el ol B g7 e 4.
H] 5 7] olEl o] E] QlH] __anext () & Z&3tH olglolEHE AXE & F 1, o] AL T} yield
FHA 714 ¥ 5 7] A e ol e vt & AT
Each yield temporarily suspends processing, remembering the location execution state (including local variables

and pending try-statements). When the asynchronous generator iterator effectively resumes with another awaitable
returned by ___anext__ (), it picks up where it left off. See PEP 492 and PEP 525.

asynchronous iterable (¥] % 7] o]g] 2| &)
async for oA AHEE 5 3= AA. _aiter_ () WA EE H]E7] o|HEolH & E&F oF

Ut PEP 492 & T 9= A5 YT

asynchronous iterator (H]% 7] o] €] & o] €])

_aiter () & __anext_ () WINEE FHs= AA. _anext () € oldlolHE AAE &
23 ok gt} async for+ StopAsynclteration o7} &S w 71| v]5 7] o] g & o] €] 2]
__anext__ () IAE7} B8R E oglol8l 8-S FUth PEP 4922 == 5y th

attribute (o] E 2| H =
&3] ARHA S AR = ol g o2 FxE = AAe st gk A& 0], AA o7t A ERFEaE
7FA A, 0.a X H FERF YT
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It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example
using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression, and
would instead need to be retrieved with getattr ().

awaitable (o] gl o] €] &)
await 2@ AHE S Qs AA. ITFE oY _await_ () IANEE 7 AA7FE 5 s U
PEP 4925 H A 2.

BDFL
ZHH] 2 -8 S Al =2 2} (Benevolent Dictator For Life), < Guido van Rossum, 3}o] 41 2] ZFA] 2},

binary file (W}o] 2] s}<)
Mol E R AAE S AT £ 4 9 5 A7 vpol 2] L] of 2 vhol e B (rbY, tub
EEx 'rb+') 2 99 319, sys.stdin.buffer, sys.stdout.buffer, io.BytesIO 2} gzip.
GzipFile &] 21~ 2
()

0,
rlr
i)

O
Jé

str AAE AL 2L 5 9 A AL 2 5 £ FEeA L.

borrowed reference (* & %)
In Python’ s C API, a borrowed reference is a reference to an object, where the code using the object does not
own the reference. It becomes a dangling pointer if the object is destroyed. For example, a garbage collection can
remove the last strong reference to the object and so destroy it.

Calling Py_ INCREF () on the borrowed reference is recommended to convert it to a strong reference in-place,
except when the object cannot be destroyed before the last usage of the borrowed reference. The Py NewRef ()
function can be used to create a new strong reference.

bytes-like object (W} o] E Q5 A A)

W3 225 A AR C A% WG JARE 4 GG 12 BE nenoryview AL
E2o0]1l bytes, bytearray, array. array AAEL =TT HIo|EE R AAEL vloj g
Eﬂ 1EJE TR oy 744 AsbEo) AHEE = s Uth 45, vtol v ] St A, 205 e AE
Z2 Asol syt

@ AE S vol e HlolEl 7 PE A Y Rk gt o Aol AUAE B g1
OEERH AA” ety I 71 v 5 AA Y g R = bytearray Stbytearray & memoryview
A 95U THE QAHE2 Hhol el Hlol 87 B A (~9)7] A8 vel =T AR o AFH S
LFFUTLE ol 259 o2+ bytes & bytes AA 9 memoryview 7} YFHTH

bytecode (H}o]E F &)
—"L]r o] AN FE=HPo|E I &7 A3 Y5 =], CPython N E| Z 2] E]of|A] Ifo]H =2 5o YH 3
Ayt vt ]—4—~\_ .pyc Tt A Hof, 2 atdS F A AT o o wepA] A vk U th
(Aol A vl E I ER 9 XH%J}O] = & 5 dFYh. o] “17]‘0101” = Zhvlol E Z = tf-S-8t=
71 AE Adste 7H 71 A oA A E tia Eehy T vto 1——1——1_ A2 T2 Fhol A 7H 7] Al el A
AT A0 R 7SR &, ghol A w2 7ol QA A o] A = Qkth= Aol Fo 5] oF g th

dlo]E A= o 5o BES dis BE AWAo) gtk

callable (Z&] &)
A callable is an object that can be called, possibly with a set of arguments (see argument), with the following syntax:

[callable(argumentl, argument?2, argumentN) ]

A function, and by extension a method, is a callable. An instance of a class that implements the __call_ ()
method is also a callable.

callback (&%)

QIALE AT = m g o] A|AojA] APE A H F¥ T,
class (Z#]~)

}\]._Q.;(]. x%_,] 7ﬂ;<]%

HAE JJES &Y
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class variable (Z & A~ HS)
2o FoH 1 FH A FF (F, FH2Y dAxd x| 7)ot} o qut A F = W

complex number (&2 4)

%8 A% A2 A, BE A7 A5 40 o BAF UL 55 A5
¢ (-1 AFDE F AU, FF A= 12, Tt 2 718U stolH 2
A B WL 2L a4 R AAGUT SASTE 5 ATAE BIA B2 G, o8 S,
3413, math BES B4 wdo] W W, cnach® AEFYTh Baso 8L W £F B
2314 7% AUk Baskthn L7 Fach, A9 a8 TAHE F5UT

context manager (¥l A E 32| 2}
An object which controls the environment seen in a with statement by defining _ enter_ () and

__exit__ () methods. See PEP 343.

context variable (A&l A E H4)
A variable which can have different values depending on its context. This is similar to Thread-Local Storage in
which each execution thread may have a different value for a variable. However, with context variables, there may
be several contexts in one execution thread and the main usage for context variables is to keep track of variables
in concurrent asynchronous tasks. See contextvars.

contiguous (%)
W 3= A &3] C-A %5 (C-contiguous) ©] A} ZE 2+ A< (Fortran contiguous) @ W] A< o] gkal of AU th
QAL WAL C-A%o| WA ZED AL T AR Lo A, FEES A2 A5, 0014
Al #ehe &5 ANl
Fo0) SAT BEES PR opA T Qu 20} 4 B W o AR, EE B A v o]
A, A A A 271 7 ] gy o

f ¥~
o iy .

coroutine (¥ 5€l)
IFEH2AEFEHY ¢ dutsld FefdUth ABFEHL st A A APt th2 A A &=
Ut ZFEL2 8 o2 A FA A AYsta, &3, AT = A5 ULk o] AE2 async def
: 2T} PEP 4922 H A 2.

coroutine function (Z €l 3t4)
F2E A E EHFTE 5. ZFH T4 asyne def Fo2 AFod 4= 911, await & async
for®tasync with 7| EE 28T = 5 Uth o] 52 PEP 492 o &l = Y5 5 th

CPython

stol A =2 e Ao Al F& ], python.orgol| A ¥l =5 Yt} o] &S Jython ©] U} Iron-
Python 7} 22 th& 2153 73T Z 27} 912 uff 8] “CPython” ©] A& Yt}

decorator (t] Z ) o] €])
e d42 283 49, BE urapper £ St wgoz AP Ut o3 o]
B9 &3 o= classmethod () F staticmethod () YT}

Hmeole BHe v A9 2 Y BUUT B T F5 3= AU goE S5Hh

i)
o
>,
ofo

def f (arg):
f = staticmethod (f)

@staticmethod
def f (arqg):

L

22 Mol 2 2ol E EA A RE € A5 AUt H I o B ofl T @ T AA T W 82 T A2

B EEE L RERL oS

descriptor (t] 23 Y E])
HAE _ get_ () o]t} __set_ () ©]L}__delete_

() 2 A= AA|. ZehA oJEFYRET}
Uagded o], olEYHE 23 = 583 A F82 do

5{:}1414-. E%y ab% %Jlﬂl/]"ik-ﬂl/]—)}‘ﬂl—
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AsHet g ), ag) Sel2 MM b ki o] & Bol A AA S LTk AR b} T2
= b

HHY, Gt 2T gy WA= SEHUTH AT HEE o]sf| ok 22 oo g 22
ol o] A4, &, MM E, Z2HE, FH 2 vAE, AEHE WAL, 3 FHs Fx T S
7158 7125 o] R A7 W F P YT
Y23 g e o v A=E o tf gt &AM g Y82 descriptors Y T) 2~ T HE] AR S A of] Y3t}
dictionary (9 41 2])
olo] 9] 7] & zhol EH% Al 7]= A vl E (associative array). 7]= __hash__ () &} __eq_ () HIAEE
Zt= BE AAI7EE 5 s Uth oA sjAl gt 5t
dictionary comprehensmn (1—,1 A A=)

ol #HE JdE= A AAN UV IEE XYty AdHE LG
= {n: n ** 2 for n in range(10)} Fn ** 2
H t}. comprehensions 2 X 314 A

dictionary view (5] A4 2] )
dict.keys () dict.values(),dict.1
Uth o] AE2 9M Y e FEEol o
gttt YUt gAY E /R E

dict-views & H/\ﬂ

items () MM EZFEHF = AASS 9V Rt 75
o540l 35 A B0, GA e b EAE o), 37} ol WahE
AAstg|2~EZ v E ™ 1list (dictview) & A3 FUoh

docstring (5 AE )
A string literal which appears as the first expression in a class, function or module. While ignored when the suite
is executed, it is recognized by the compiler and put into the __doc___ attribute of the enclosing class, function
or module. Since it is available via introspection, it is the canonical place for documentation of the object.

duck-typing (€] €}o] )
ZHkE AEH o] 25 Tt A Adeted AA S FE BA ghve z2adw 2eY; thAl, &9
HA=L o Eel R Eﬂiéﬂﬂur H’L%MDH“OQZWEOI A4 29
th) 5743 3 Aol AE o] ~E FxFog N, F AA"H FEE 3h-S
FrAdE 7H*d€}¢ AsUTh d Bo] 82 type () o]t isinstance () & AMES FAAME F U
(BFAITH & Elolg o] Faf o]~ Fef~ & Bebg 5 glF ol Fo 3l oF Fut}) thAlel], hasattr ()
AV EAFP 22 I8 WS o}

EAFP
st o= 84 & F£317] 7} g o} (Easier to ask for forgiveness than permission). ©] &3] £ 4= 9l+&= u}o] A

_,‘él
v
ogt
e
ro
X
[o
9k
aiu
%
|o
Fru
X

:“.:

o:
oy

79 22, SHlE 7Y o ERHES 2AE /1AL, 2 7HA o] W A9 & FAFUth o
Zoetn mhE AL W tryftexcept B EAE SFA AU ol HlAY L CY 2L T2
w2 Aol A A5 AFS-E| = LBYL 2~ et 3} o v g U o}
expression (3 2])

o grog T3 ¢ = B 27 g2 27 235, 234 L ZHEY, o] &, olEYHE
HAM 2, A4kt f&#—%ﬁr 2L = 8T E R 845 Fo 29 A4tk o B2 dojet
fzxHog, BE A FAHAES EFAQA 22 ofdUth while A H, A2 02 AT = gl
23 50l A5 o Q) =& EFol a1, £& A o] obd U Th

f-string (f-& 2} ¥)
PR B ] B9l 2D HYES £8) EAD  olgta e, 20 24D H Y o
Z9TA Yt} PEP 498 & H A 2.

file object (2} 7} A)

S Aol oa) 9 A BA APl(zead ) Jurite () T AASEE S E A, BT
o] ael, s AR & AA TaZ A ol thE A% AA LA A (12 o, BF 4%
S o WS, A, ol 5o T3k VAT 5 AT 5 Al ch oD AT S A

(file-like objects) } 2~E & (streams) 0] Frx EFJYrch
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AAZE Al F7Y 5t AR = 0] »1%‘4‘3]'- i (raw) vl 2] 3, v 3 = (buffered) vlo] v 2] 3+, E]
~E 3k, o] 59 QI F o] A& io REAIA FYF Ut 31 AAE vE= R A < W2 open ()
TdrE 2E AYYTh

file-like object (3} 5 A A))
7 AA 9o vl

filesystem encoding and error handler (3} A] A" ¢l 37 93} of| 2] 2] 7])

Encoding and error handler used by Python to decode bytes from the operating system and encode Unicode to the
operating system.

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.

The sys.getfilesystemencoding () and sys.getfilesystemencodeerrors () functions can
be used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read () function:
see filesystem encodingand filesystem errors members of PyConfig.

2ALAIY = HASL.
finder (3} 21t])
YEXEFH RES ST 20 & Foea Alxshe= AA.

Since Python 3.3, there are two types of finder: meta path finders for use with sys .meta_path, and path entry
finders for use with sys.path_hooks.

See PEP 302, PEP 420 and PEP 451 for much more detail.

floor division (3 4~ U}=A)
P 77kE A2 W she 284 WAL A A dabake //nk el s o), £ 1L // 4
75%%84:‘;14@ -11) // 47F-2.758 W ¥ gt -30] Hej
‘rr-/] oﬂokzmv} PEP238 H2AL

function ()

SEAelA oW kg BHFE A BFE. QAL 2 o) 4ke) 94 7 ALD £ gled, e
AdPol] ALRF 5 Q5 YU Th v 7] ¥ 5 9F v A = 9} function A AT H A K.

function annotation (g4~ o] = €] o] )
a4 o) A wkE ] o] o] 4
g olHolde dudog 3 It 2 AGHUTE g 5o, o] F5E F 719 int AAE WolE
d Aoz 7| 1, FAol int W3 FS £ Ao 2 g Yk
def sum_two_numbers(a: int, b: int) -> int:

return a + b

34 of B 0] 4 £ 32 function ol A] 47 g o,

o] 7152 AH3E= W o] | o] A I PEP 4845 FHZ23AM| 8. TSt o] - H o] Ao tf st B Aldll =
annotations-howto = X 34| 8.

future
A future statement, from __ future_ import <feature>, directs the compiler to compile the current
module using syntax or semantics that will become standard in a future release of Python. The __ future_
module documents the possible values of feature. By importing this module and evaluating its variables, you can
see when a new feature was first added to the language and when it will (or did) become the default:

>>> import __ future_
>>> _ future_ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)
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garbage collection (7}8] X] 4~ #)

o AHEE A SFe RS W ek AR oML Rx A4 FAT B2 £BS FARL L 5
e =3 AHul A 27712 5 AuA 2 AE SF U 1A FATE go BES A Ao @

F Ut

generator (AU ] o] €])
Add ol e olE#HolE & B FE . e = =
A& 2gstheE Fol Y th Ol UE2 for-F 22 ALE31 7 U next () T2 3 W a7
+ dHUth
BE AV ol g4E 7he 7] A
o w) 7} W &atA] k2 A=

HelolH o8l olH £ 7hl A Yth o =5k

R L ]
AR §oE NN BEFS YTk

generator iterator (AU ] o] €] o] €] o] ¥])
A d el e 471 gteE= A A

Each yield temporarily suspends processing, remembering the location execution state (including local variables
and pending try-statements). When the generator iterator resumes, it picks up where it left off (in contrast to
functions which start fresh on every invocation).

generator expression (AU 2 o] & E34])
An expression that returns an iterator. It looks like a normal expression followed by a for clause defining a loop
variable, range, and an optional i f clause. The combined expression generates values for an enclosing function:

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (A ] g &4)
2 ANS NZ g2 FEd dis] £ o
Haaj %] darg]Eol JOH 24"t

== Eati by %—OPS &3} functools.singledispatch () Bl Z d o]} PEP 443% H A Q.

o

ez 2A4E

n

4. 52 oW 7He] AHEEA L

generic type (A ] g
v 7H tﬁTﬁ}ﬂ" 9l YutA o 2 1ist Updict 9} 2L Ag o] Za)~. 8 3l E 9} o] g o] Ao
AU

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.

GIL
A e meld % 2 HAS

LY

[«

global interpreter lock (A& QlE] Z 2 E| &)
sk o @ & st Ag =7 o] H vlol E = § A e T W A7) 98l CPython 18] Z 2] E 7}h
ARg Sk M AYZE. (dict & 22 S 23 WA EZHole) AA BRlo] FA| Aoz FA] HA| 20

3
feis
A=
C
QLAN=]

sl SR BHES WS A CPython TR S Tdt BEUTE ABzE AAE F1E AL oA
SelEE Og A B A7 SR UL 0% B2 AN A AL F A Bl pre
4 Fch

52, BROG AL BF, GF oI 4 2 AL H A YL £HT

sA oW S & ok
= GILZ ¥hdst= 1Bh=3
Past efforts to create a “free-threaded” interpreter (one which locks shared data at a much finer granularity) have not
been successful because performance suffered in the common single-processor case. It is believed that overcoming
this performance issue would make the implementation much more complicated and therefore costlier to maintain.

o
LB

= [e]
= ) =~ ]1__
Z HAAE QS YT =3 /0E 3 uj= 34 GILS vy

hash-based pyc (3] 2] 7] 9} pyc)
$EAE BEo) 8] AT 22 A HAF 57 Ako] opdl A B A8
4. pyc-invalidationS #2314 2.

rlr

HRolE FE 7 A]
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hashable (3] A] 7}%5)
AA7F LAY 1 ko] WahA] o= s A 7‘% Zt31 (__hash__ () WIA=E7F 283U h, o2 AA| 2} vl
d2a Yol (eq () WIAEZFERFUTY, A 7 etthar Fy o kol v s = S Al 7 st
BAE] A L Zokok T o,

AN A5 AANE Gl A AT W ALEE 5 QA S, o] AR TR A
o #AZE Ag37 WEA T

g shol el BW WA AAEL A AU Th (FAEY gAY 2e) 4 Aol s e
=y fe) = - }\

a9 stk (F *Olb‘rfrozenset Z2) B Ao EL 259 2450 A 75T uf w3 A
}—U“JE} A2 A Sl AAEA AAEL 7B AH 07 A 7T (A7) AHAE Al )
3alE) EF thEra vaE ,UH/‘V‘S id() 2 £ 5o Yt
IDLE

glo] W& 935 E3 7t W &< 317 (Integrated Development and Learning Environment). idle-2 }-o] %1 ]
xE HfTL_‘lOﬂ wete = 7124 A7 Az e A Y th

< TRFYh oW AR S WMAD 5 A5y
SFA] o= S AT gko] QlofoF F XA F 273

)
| 9= g uEE 7 AY AUAL PLE @E Gw dee) o g8 g
U

importing (¢ Z¥)
& RE shold A=~

importer (Y3 E])
5L AV E T ZE Y% s AA); A shelr o) 2 =1 AR At

interactive (t} 3}3))
Python has an interactive interpreter which means you can enter statements and expressions at the interpreter
prompt, immediately execute them and see their results. Just launch python with no arguments (possibly by
selecting it from your computer’ s main menu). It is a very powerful way to test out new ideas or inspect modules
and packages (remember help (x)).

interpreted (21 €] Z 2] €] &)

f
i)
rlu
il
i
1o
k=)
s
X
=]
[
=2
>
>,
ofo
)
-
30,
bt
f
)
rlr
iy
)

dhol= SE Aot eie] £ o] 1 TR o] BEHA /1 AT, st WS A5t Aol 7} ok 2k
e zele Aotk o AL FA Ao A Y WEA QAT &2 AL AP BT 4
ke Utk T2 age] & o AA A7) AW, Ae el dlojx BE A5t o]

By g2 i/ A £718 s Ut Eﬁiﬁé T HAS.
interpreter shutdown (Q1e] = 2JE] £ 8)

S8lehs 92 We o, shol 4l Qe melElx S8 e Al 7]o] A S, BE ol ole] /4 Fa %
UPFEE 2L R E B ANEE BAD 0w WAL, B, A0 2717 F Ad W 5F
T AH8A o) 5314 weakref E90] Sl TEES] 4B L AN L 5 gk E A7)
Fo A s not T o9 52 v 5 glud), a%e] g E ekt NS o s eA e 4

AN W E AU (E 2 ol hel B e REolu 4 FASdUh.
AdEZ e 582 9 YA APFH = main_ BRECIY2IHEVAFPS T = AU

iterable (o] €]2] &)
An object capable of returning its members one at a time. Examples of iterables include all sequence types (such
as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any classes you

define withan __iter__ () method or witha ___getitem__ () method that implements sequence semantics.
O EL for FZ AEE = 3, A E2E F8 = 3t th2 W2 X (zip (), map (), ) °l
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N
L

A5 YT olE 2 E A7 W T iter (
.ol olHEolH = HEY AFS g
iter() £% %5}71‘)5 olej#| o] AA|E Z] o
Al A AE ’H-rftﬂ, FrE e g olHHHE FotE ol & s WMTE UE Yt

]Hﬂl"]ﬂ,/‘l?ﬂi, Xﬂﬂ fole &= HAL.

iterator (o] €] &) o] ¥])
dojge ~2EHS Eﬁﬁ‘}“ AA. olHHolE ] _next_ () HIANEE WEHOR SEH (E+
W 3 next () 2 AEstd) 2E o Q= FEES AU E S FUth o o] 42 ol g7t %i%
= th Al StOPIterat on o9& doUrth o] A H A, o]HH o] B AA & A2XF I, o] Fo B
__next__ () WA E &2 StopIteration o9& thA] 27| 7] %k T} o] E & o] &= o E] Eﬂ
o] ¥ A Z}LE EHFE _iter_ () FINEE 7?*‘ Aol 7= 7] wZel, oled o E &= o|HHE
o] 7|% &tal thE o|HH EE S WotE ol 29 oA AMHEE & s UTh S8 A9+ oY
Hol o] # o] Al et ZEYYTE (List 2-2) HH oY AA= iter () T2 ALsA Y
for F3zof| AL wfjutrt Af o] B & o] H & WU th o] A& o] E o] B o] ths A 3 ste] i 5t
A1t olE o] ol AHEH o] &Z19 o]E Ho]El & = A, ¥l AH o] YA H oA w5yt

typeiter ol T Z}A 3+ W& 0] 9l Th
CPython -3 A} A)): CPython does not consistently apply the requirement that an iterator define __iter_ ().

=

Mo o
o oft T, ofo

g rlo

[«

key function (7] g)
7] 4 == iﬂﬂ o] A (collation) T+ A & (sorting) ©] L} ¥l & (ordering) o] A H = 7S S8 F= =
a%ﬂq‘:}- o & £9],locale.strxfrm() < ZAYL SF PAS =2 JE 7| & ‘?}E% o] AF&

g

ato] Mo W EF7F 2 4S50l o BA A A A AL Fol=AE Aol et7] Hof 7] TS Hol= AU th
o] ZEo+=min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest (), itertools.groupby () ©] AHFY T}

7] & HeEE e oAy FHol dsUth dE £, str.lower () WA EE Ao & gl
AEE A7 FF2 AHEE = AdFUT tddH o, 7] T4+ lambda EHA 02 e £ & 3
=¢], o] A Yt}: lambda r: (r[0], r[2]). E3} operator attrgetter (), operator.
itemgetter (), operator.methodcaller () 7} Al 74¢] 7] &= ALY YL} 7] §+E s
AHg-3= Ho gl gk o & Sorting HOW TO & E/\ﬂ

keyword argument (7] 9] & 21 z})
o1z 5 HA L.

lambda (E}E})
D) ghol FAA L Shbel 94 0% T ol F gt AT T4 FTH S E BEE BYL

lambda [parameters]: expression YU Th

LBYL
7] Ao X2} (Look before you leap). ©] T 2EL L T ol 23| & 317 Aol YA F o2 ALA
ZAES A UL o] 2B Y2 FAFP FR I thv) = 2, W2 if w9 S 2 S AP Ytk
OFE 2dl= S A, LBYL 2L 5" 5} <5 7] ol A4 24€ WEA F Aol A5t
o] & 50, FE if key in mapping: return mappinglkey] © AA} Zof, 3}tA T 23] A,
2 2 E7} keyE mapping | A A ASHH AT 5 A5 o|® o4+ Fo] U EAFP H WS
Aoz A AR % e

list (2] X~ E)

W shol A A, T o] Foll = Bk, Yol g AM 7o) o] 7] w2 oll, 912 2] 2 E (linked
list) 2 oh= oh2 Aol 9] v @34 AR Y o

list comprehension (2] 2 E 7 = 2] 3 A)
Afse R4 AR EE ARE 4281 1 ANE AER BoFE 4D P result -
['{:#04x}'.format (x) for x in range(256) if x % == 0] &= 09]A] 255 Afo]of Y=
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A5 1644 (0x) S EF3E FAQe] J2ES BEvth is 2 44T 4 9)

)3

S

loader (2 ¢])
An object that loads a module. It must define a method named 1oad_module (). A loader is typically returned
by a finder. See PEP 302 for details and importlib.abc.Loader for an abstract base class.
locale encoding (27| Y 217 4)
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.setlocale (locale.
LC_CTYPE, new_locale).
On Windows, it is the ANSI code page (ex: "cpl252").
On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.

See also the filesystem encoding and error handler.

magic method (7] 2 o 4] =)
E5 A= o uFA Al u$3t

mapping (7} 3)
Ao 7 23 E A Y3 collections.abc.Mapping ©] Y collections.abc.
MutableMapping 4 Hlo]a el o AZE HANEEE T3 AH Y AA. =2+
dict, collections.defaultdict, collections.OrderedDict, collections.Counter &
=294y
= T X8 .

meta path finder (W€} 7 2 3}2lt])
sys.meta_path & Mol FF& s, W A2 s 42 dE 3l H & #-AT
A7 A Tt Y T
HE A2 37 L3 sE WA =S A= importlib.abce.MetaPathFinder & B 3§
e},

metaclass (W€} S| 2)
ZH2Y FHia FHA FYE FH2 ol FH2 gAY, Hlola FHAEY F
[e]

A
o
=)
i
v
v

vl e Sl aE o] Al Q1AL WolA FH s vEE AYL FUth tlRE AA A FP =z g
AolE2 712 FES AT FUth gl A S 585 e A2 AL HE FHAE U 5 Utke
AdUch thFE ARG AP A= o] =77 ds 28 AT, o742 of, vleF Sl st
©o13t S S Az Urh o] ErHE AN 29 27 (logging), AH = HAA Q] 27} A AA A,
BEE AR E2 OE AGl AHERSF U
metaclasses o A] T ZFA 8 U] 22 28 4= 95U}

method (W] A &)
ZY 2 vty QoA Ao =T I ZHPAY AAEHA EFHEZA TESHY, I HAEE A
WA A (RE self i BATH 2 Aads AR E BEYTh §5 G FHE A3Z 8 BAL

method resolution order (W] A& 24 4+ 4])
Method Resolution Order is the order in which base classes are searched for a member during lookup. See The

Python 2.3 Method Resolution Order for details of the algorithm used by the Python interpreter since the 2.3
release.

module (&)
435 092 g AR, RES Q99 shold A EL T

B SEEE
BEL A2y Ao 9 sejH oz =P
[]

pul

rlr
o

2y
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module spec (2& A3
BES 230 AHS
ModuleSpec o] Q1A~H

MRO

ZF. importlib.machinery.

[» jﬂ
rlr
ao,
kel
[t
ry
Y
o,
b
il
tjo
ol
kJ
30,
rlr
-
alll
ol

HAE 24 =4 & HA L.

mutable (7}H)
7hi AA = ghol M = Ak id () = 23
named tuple (V| J & £Z)
“named tuple (U] ¢ °] = R olghe §ov FEAA FEsta ol B2 ol EE R
T Qe QA AL T Q= BE Yoy Fedad HLg U £
& 5 itk
time.localtime () & os.stat () 7} RE&3E k2 = 3eto], of ] WA F o] A= FEHPUTH E
2 o= sys.float_info YUYt}

AHg3ho] Qe s

e te 7=

>>> sys.float_info[1l] # Iindexed access

1024

>>> sys.float_info.max_exp # named field access

1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

AR YIE FE2ZWZAIZ Y ) JUth =&, tupled A AHsta o]5 B2 2= Yo+
I 272 92 Y FES BE 5 A5k ol @ FALE A8 FAFAL, typing,
NamedTupleE A$3A Y HAEZ T4 collections. namedtuple ()2 9EF Id5Yt =219
712 A AGdAG HZ U IE FEAAE 2 5 e B 7HA F7HHA =& F7HeH 7 = o

namespace (¢]5 27

W7t AGE = Za. o)lf 302 9 Yl FAg Uk AAo 34 o5 53 (A= oflA)
weholfe} Ao, Ao, U o B F2bo] AT OB BAL o] F B AN ZEAL AN
1/]1;]’ A& 591, Q’zy\—bUthins.openI’J—os open() L 359 o]& F 7o) o FEE YTk x5
2 3
o

D]—. o] & £}, random.seed () = 1tertools 1sllc

itertools & & L+ L2 0o] HE s AT}

namespace package (©] 5 57} 31 7] 7))
A PEP 420 package which serves only as a container for subpackages. Namespace packages may have no physical
representation, and specifically are not like a regular package because they haveno __init__ .py file.

2EZ HASQ.
nested scope( He 232)

Eﬁ“} Z*-J NM WMFE Fxee5E. AdE
AT o Fza s gaUrh 2HE ATE
ﬂﬂTAﬂ%QHQ~nﬂ@¢%g
A o] F Tl A ¢l F YTt nonloca

new-style class (- A€l S A)
AF2 EE FUa AAol AHE I U= F2 HAY oA o] F. 2719 Tho] A v Aol A
28 Zg2v slots éﬂ%lﬂ,&i}-ﬁ] E], __getattribute_ (), ¥ HA
WA Z 9} 2L stol WMo A= 7S ES AT = S5 UTh

object (2} A))
A (AAEZREY ) E 22 S MAE) o] BYH ZEdolH. B3 B woed 82 9
FHZ A A Wo]~ :EH/\?J‘/]V%

Ir

L THE 4 R o)A B8 Bt uhE gl gt
2325 ®, e 54 Ferhe
o 4 931 ZUth TN R, A MEEL

v AF 2o 2= 218 5 3 Th

rl
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package (2} 7] 2])
AE 2 EE o, A7)
__path_ oJEZ|HE
At 71 A 2 ol 5 S A7 A = HAL.

parameter (7] 7] ¥ 32)
P4 (B W AE) B A T4l 9 4 9k A (Ek oW A9 AAE) & AGehe o B B
AE B, A EF o] w4t Q% ok

o Y A-7I ¥ E (positional-or-keyword): 9] %] 2]
ol Aol 71 & Fejo] T YU A& =

Aoz NBNAASL E2FT 5 Ut oA BE. Ao, A
Fole

t}-ol A foo 9} bar

[def func (foo, bar=None): ... ]

« AA-A§ (positional-only): | A2 AlFd 5 e AAE AZFUE AA A§ viAdT=
B4 oo WAL B / £A2 ERFL 1 Aol T 5 AIh o Sof Tl A
posonlyl T} posonly2:

{def func (posonlyl, posonly2, /, positional_or_keyword): ... ]

o 719 =-AE (keyword-only): 71N EZ W A 52 = Q&= AAE AFZ YL 7| HE=E-AL w7 H
= g 4o miNEs EF A & st M- X wi e U & O E 286 A o
T A5 Uth o E =9, kol Al kw_onlyl &} kw_only2:

[def func (arg, *, kw_onlyl, kw_only2): ... ]

o 7VH-$ X (var-positional): (TF2 v} 7] S0l &3 A] o] n] RtolEo] A £ X] QA X9 § &) A==
9t AR 2SS 9o NVLE ARG ol D R wA RS ol F ol <+ & ool

2014 AE  dsuth A€ =0 thaollA args:

[def func(*args, **kwargs): ... J

« 7PAIAE (var-keyword): (THE Bl 7} H 5 S0 34 o] ] WolS o] 7| Y= A=l T3
AT 4 AE A9 A% AYE AAES NG o A ARG vl A5 o] Fof ++ S
ol oA Ao 5 A5 Uth & 501 A9 el A kwargs.

ARG E AHA AAES 95 /) BB ol el A Ao A1} B4 AAELS A HE 5 Q5T

o1z 8o %] &=, QxLo} u 7 H 2] po]of L2 = FAQ A&, inspect .Parameter 22, function
A, PEP 362% H A 2.

path entry (7 & QlE2])
BRIV IRIE 7 AZ2E F RESS 27 A8 Faskes 2 E A2 Y s .

m

path entry finder (3 2 JE 2] 5}21td])
sys.path_hooks ol Sl FHE (F, 42 dEZ F) o] F8]F+ 3plH Qd], o3 F = A EF
ERES FE=THE € AU
AZ dED oA Eo] FHG= WA EEL importlib.abc.PathEntryFinder o] Y34tk

path entry hook (7% 2 Q=g &)
sys.path_hooks Z|AE Qe EEUH, 54 4= dE o4 RS e e €2 dvd
AR dED 3}QH & EHFUTH
path based finder (7 2 7]4} 5} 2l )
718 v e A= IQIH & F s, J 2 E AR A RES ZFUTH
path-like object (7 2F 21 A))
Hd A2" A2E e+ AA. AE2F AA= ZE2E JEW+ str Y bytes AA o] Ak
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os.PathLike Z2EZE ZA3E= AA YUl os.PathLike ZE2EFS A A3tE= A A= os
fspath() ¥4 E STE3A str U bytes Y Alad 22 H3d 5+ 55U 4l os
fsdecode () 2 os.fsencode () & 27 str Y bytes 23S B As=d AFR-E 4 J5 YTt PEP

519= E%‘ﬂ As Tk
PEP

ghold 7§/d Al <. PEP<= sto]d AfFUE| ol AR E AlFst AL sfo] W EE T Z2A|A e &0
M2 75 AHste AA EA YU PEP= AlHE 7ol g 28 7 A H 2 AE

A F3oF gy u}.

ot FA o] B3 ARYE 48
é°§/ﬂi?}%7lé’jf& 12 v AU Z AU T PEP 4 A= AR

portion ()
PEP 420 o ] 9 & A&, o] & §7k 57 Ao ol ubA] 3k bl el el o] Sof gt HAEY
A (ip el A5 £ A= 75 Fh.

positional argument ($] 2] <1 x})
A7 E HA L.

provisional API (23 API)

ﬁd
ofr

A7 APLE £ vho|ueele] 3 B84 HPORRH A AD AYUh Aels|o] 2y 2
W37} of 415 A= SEA T, R A o] 2h EAIH = 2, 2o] A EAE o] B8 ehrya AZRehE B
S80] §AE A e W Fo] ol - g UTh 18 WAL BB 8 P02 YofAL %
AU — APIE Z@57] Ao] 4 Frjsha 2R A0l Ago] AR 9ol v ol AUtk
A7 API A=A =, A A o] §A5 A o WAL “HFY Su7 oz o AMUTh- BE 439
2AE B3l B BHE S %Zlﬁ} AMe Foddt RE AR Ay

o) ARl EE o) BT LW AT FF FRH A LFol E AT A BT BAT 5 JEE

SR I R R

provisional package (3 3| 7] ])
A APIE A L.

Python 3000 (5}o] % 3000)
ghol A 3.x v 24le] "B (W 39 w27} ¥ o] o]opr|d Al H e w0 %] o] Fo|t}) o] A
“Py3k” B Z0] 27| % T T}

Pythonic (3} o] % t}-&)

= QojSol A AW AGES AN BEE TASE T4, Tho) A Aofoll A A4 AT AL
5% o) 6 952 7h7ko] it ool tlolu} T 27 o Bol, sl Ao A A4F i ol UYL for
2 Mg oo Be] BE 848 Y5 AUTE OHE B dojolt o1 F572] T4 B
glome, sholdol el%atA) e RS L thalel £44 712 E & ALgSH 7= Ptk

p
for i in range(len(food)):
print (food[i])

o 253, sfo| Mtk W 2 ol g g yrth

for piece in food:
print (piece)

L

qualiﬁed name (373} 9 o] 8)
o A aF x| BE Ao S, T, A o2 “HRE Rl Hor 17
Q o] 5. PEP 3155 o Al Ao g Uth H 4 o 29 Aol A+43H4 ol & o] &
ZEyrth
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p
>>> class C:

class D:
def meth (self):
pass

>>> C._ _qualname_

IC’

>>> C.D. qualname

'C.D'

>>> C.D.meth.___qualname_
'C.D.meth'

EE< 7t 7l AR , A3 AASEE o) E (fully qualified name) & & 2 9| 71 A &S £
WA RERE 7= HOoRE —-‘ﬂ% o] &g ouT Ut} & E90],email .mime. text:

>>> import email.mime.text
>>> email.mime.text. name
'email.mime.text'

reference count (=R 314°)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Reference counting is generally not visible to Python code, but it is a key element of the CPyrhon implementation.
Programmers can call the sys.getrefcount () function to return the reference count for a particular object.

regular package (3 5f 2 7] #])
__init_ .py 4= 2Fsh= Ay 9 22 A5 A 9 7] AL

ol T I A = HA L.

slots

S WY AAAdH, D2 ERESS AL 02 vg] Addsta d2dx e &

AAT oA R e 2 A RS FUTE 97 A71E HAW, o] Ay gtz A g7

Zhtkze HolehA, v welo] el 38 Z2 o)A Bl 5ol ArHAL JE SEY A9

E&Zéﬁ}f Zlo] F5 U

sequence (X] @ 2)

An iterable which supports efficient element access using integer indices viathe __getitem__ () special method

anddefinesa___len__ () method that returns the length of the sequence. Some built-in sequence typesare 1ist,

str,tuple,and bytes. Note that dict alsosupports___getitem__ () and__len__ (), butis considered

a mapping rather than a sequence because the lookups use arbitrary immutable keys rather than integers.

collections.abc.Sequence FA o)A FdAE_ getitem () F__len. ()2 oA &

A Z33 olEH o] A8 Ao st=)|, count (), index (), contains (), reversed ()&
9l

F7 Ut o] E4H AEFH o)A E FHE F = register () EAMSA YA H R TES 5
FUth Al A2 WA= dubo] th g 2pA & F A4 =, 38 AlES Oﬂ/ﬂ"—?x_ AL

set comprehension (3 g 7 = 2] 3 A)
olHHE Y= 84 AA Y dHE At AFHE G2 J TS v&st= 712 S . results =
{c for c in 'abracadabra' if c not in 'abc'}E= EXEY AT {'r', 'd'} S YA
U t}. comprehensions & #2340 Al 2

single dispatch (4 2 t] A s x])
T o] shte Q1ALe Pof| 7|2 A AAE = Alvl E T 23] x| 9] S FE.

slice (&&}o]2)
HE AQA~ o gre Egsjrp« AA. Lelolart JH ~A3YE 7 = AH%
variable name [1:3:5] A&, [] oA oY 7o AE S22 FEFUTE thESE (M E 23
HE)R7|H2 WRHo=E s llce 7—“@“% AHE-3HY T
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special method (5> WA &)

gho] o] ol o | AkE, Sl 22, APT ] FAHOE TEH = HAE. o] HAEE F 7Y
V=2 A28l U o] 2.8 7k7 94U Th E4= WA &= specialnames o] 4] 2 TFS o] A 915Ut

statement (%))
AL ARE (RE “BE (lock)”) & TASHE REAYTE £HE 224 o] A} AN =8 A8}
= oY A F2RE F9 shud Yt 718 if, while, for.

static type checker (3 2 & 7 x}7])

An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also type
hints and the t yping module.

strong reference (7}l 2+ %)
In Python’ s C API, a strong reference is a reference to an object which is owned by the code holding the refer-

ence. The strong reference is taken by calling Py TNCREF () when the reference is created and released with
Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the Py_ DECREF ()
function must be called on the strong reference before exiting the scope of the strong reference, to avoid leaking
one reference.

18 Hx = AL

text encoding (Bl ~E 217 9))
A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer a
string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding” .

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings” .

text file (Bl A E 3} <))

str AAE HiL & 5 Y& 3L A4, TF, d2E e AARZE HPO]E AF HolHAaE"S

H A 28Fa1 ‘%“iE Aid = AHE xmwu} E"AE JJF%JA |2 HAE BE ('r = Tyw') B

49 3}, sys.stdin, sys.stdout,io.StringI0 & ALEHAE & JHFYUT

WPl =GR A & 932 5 9t 5D AR ol A ol 5 £ FEsA 8
triple-quoted string (2% w}-2 % ¥ £2}4)

fﬂrii )y AR C) A AZ SHAA FAE. 2F ok st R A EAE Ol /e

715 & AF oA = AT of 2] 7HA] o] frell A £ 27 U th o)A A o] H A] oF2 A2mZ Lt

EUJr%ﬁS TAE ol 2T YUEF A, A FAE 2A FE oY Fofl 2F 5 =,

saf\Eagé%;g;gﬂﬁis]%gtzo]::L4E+

—_—— = - A A

type ()
The type of a Python object determines what kind of object it is; every object has a type. An object’ s type is
accessible asits ___class___ attribute or can be retrieved with type (ob7j).

type alias (3 o] & 8] o]A)

g2 Aol g shel BrE o] A& el Fof.
Yo Qelol 2t Y A =S desse o 8% 8 S0

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuple[int, int, int]]:
pass

£ rhed 2ol H 971 47 BE 4 Jarh
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Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass
0] 715 A3l typingd PEP 4845 A 2314 &
type hint (g 31 &)
WS, 2ol ol 2P RE B B4 v ES U 0 gke) 1E £ B2 AR s of e o) 4
3 A= A E Ao 3 sho] Mol A ZAIE A+ A, A4 % A4/ o] §-§ gtk EIIDES] TE
a4 P eAEde Fouch
A Weg Aden, A W, Foa JEARE R T4 I DEE typing
get_type_hints () & ]——9-‘6]-0:] B AT 4= 5y Tt
a

BN
L=}
EY

o] 71%& AW typing T} PEP 4848 2

universal newlines (-4 £ 97)

Ge3 2o AEE WL 5 Bl Eoz Ause dos amge 4G 9018 24
el \ar, SESZ B rvar, o A9l WAEA A\ FAR R ARl BN pytes.

splitlines () J-O]-HE]-PFP27SQ—PFP3116 Exﬂﬁ.

field: 'annotation'

Moo d e dutH o g o SlER AP UTh o & 0], o] Mg & int & 7H A2 g 7|
HU o
H

[count: int = 0 ]

W o] gl o] A -2 Al A annassign o A] A T

o] 71%5& AW 3tE T o] E o] 41, PEP 484 9 PEP 5262 #2314 2. 3k o i | o] A 2H¢] ol o 3
¥ A}#) = annotations-howto & Z 2 814 8.

virtual environment (7}4} 317)
Shol tl ALE A9} 88 L2 1 o], 22 A2l WS £ THE Sholf 84 22 AW F2of
QTS FA oA, sto| A Wi S| A& A A AY a2 ol =Edt= AS 7Hs A o,

Moz Aed 43 A7,
venv & HA L.

virtual machine (7} 71 A])
czEsjolto R Aoj8 AFH. ol W) A4 /AL ol E TE A}
=g ARg.
Zen of Python (2}o] 4 Al)
o)1 iAol Aels} AeHEe] B2t Aol )38k A e ol £ o] BTk o 5L o5y
ZEZEA “import this” —% JHetH Bt

e
v
N
i
|
oy
rr
=
o
[m
K
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APPENDIX B

About these documents

These documents are generated from reStructuredText sources by Sphinx, a document processor specifically written for
the Python documentation.

AT A et o] 2 f 8 EA A TS sthol ApA of v A 7 A A o' AG B AR =y th 7] o5k
Althd, Zhof W o] of 8t A K 3= reporting-bugs 3] 0] A & Z A AH A 2. A2 AL E 7\}1]'% A 29t
YtH

O3 2504 B2 ZAE =g Ytk
o Fred L. Drake, Jr., the creator of the original Python documentation toolset and writer of much of the content;
« reStructuredText 2} Docutils 22¢] EE HFE = Docutils Z2 A E,

o Fredrik Lundh, 1.2] tj] ¢t 5} o] #1 2% (Alternative Python Reference) = 2 A E o] A Sphinx 7} &2 o} o] ]
2 a9zt
= Tt M B8

B.1 Contributors to the Python Documentation

olH FF gtolBd g ¢ TholA A A 7| F U 72t BEEF
MSL/ACKS E ZAxIAANL
z

14 2 xy
oj4o] ol@ WA AFAE 2A B AL ol W ARUE S 47} 7o) i # U T ZATI TR
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appeNDIX G

AALRL 2fO] Ml A

C.1 AZEQ0{Q A}

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWI, see https://www.
cwi.nl/) in the Netherlands as a successor of a language called ABC. Guido remains Python’ s principal author, although
it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for National Research Initiatives (CNRI, see https:
/Iwww.cnri.reston.va.us/) in Reston, Virginia where he released several versions of the software.

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen PythonLabs
team. In October of the same year, the PythonLabs team moved to Digital Creations (now Zope Corporation; see
https://www.zope.org/). In 2001, the Python Software Foundation (PSF, see https://www.python.org/psf/) was formed, a
non-profit organization created specifically to own Python-related Intellectual Property. Zope Corporation is a sponsoring
member of the PSF.

All Python releases are Open Source (see https://opensource.org/ for the Open Source Definition). Historically, most,
but not all, Python releases have also been GPL-compatible; the table below summarizes the various releases.

HY = =t oAM= 2 AS K} GPL compatible?
09.0~1.2 n/a 1991-1995 CWI yes
13~152 12 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.142.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.13 2.1.2 2002 PSF yes
2.2 o] 2.1.1 2001-dA] PSF yes
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ZF31: GPL-compatible doesn’ t mean that we’ re distributing Python under the GPL. All Python licenses, unlike the
GPL, let you distribute a modified version without making your changes open source. The GPL-compatible licenses
make it possible to combine Python with other software that is released under the GPL; the others don’ t.

Guido 9] A& 3}o] o] vl ZE 753 WHE W2 2] 5 AL BARFE AN A ZA= U T
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Python software and documentation are licensed under the PSF' License Agreement.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under the PSF
License Agreement and the Zero-Clause BSD license.

shole] £ Y Az e ofo] & ke ol At A STk ol AL Y 2ol Ao Hgshe
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.14

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSE"),.
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.11.14 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.11.14 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—Rights
Reserved" are retained in Python 3.11.14 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.11.14 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made to.

—Python
3.11.14.

4. PSF is making Python 3.11.14 available to Licensee on an "AS IS" basis.

PSEF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF

EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION..
—~OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT.
—THE
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USE OF PYTHON 3.11.14 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.14

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT..
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.14, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach.
—~of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—~License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.11.14, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOEF.

5. This License Agreement will automatically terminate upon a material breach of
(T2 sl o] A of] AlZ)
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its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material breach of
(ThZ sl o] A of] Al<)
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its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.14 DOCUMEN-
TATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM

(TH& sl o1 Aol A1)
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LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3 Z3t=l AT E|0{0] CH3t 2l0|MIA LU &0
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C.3.1 H2M EQ[AH

The _random module includes code based on a download from http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/
MT2002/emt19937ar.html. The following are the verbatim comments from the original code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.

(TH& sl el Aol A1)
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http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.3.2 a3

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " 'AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 H|ES7| &% MH|A

The asynchat and asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
(Th= sl o] Aol A%
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INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3.4 F7| &z|

http.cookies REL 0} 7} 22 79 482 ¥ B o)

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

o3} 2L 2o ARE 2RYYT

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

(TH& sl o1 Aol A1)
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Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode X UUdecode g4

The uu module contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C3.7 XML & Z2 A S5

xmlrpc.client BEL T T} 22 79 A9HS ERFUTh

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
(ThZ sl o] A of] Al<)
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its associated documentation for any purpose and without fee is

hereby granted, provided that the above copyright notice appears in

all copies, and that both that copyright notice and this permission

notice appear in supporting documentation, and that the name of

Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

7 o] A ol A A <)

C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-S kqueue 9B 3 o] 20 tha) THe 7} 22 9 A1RHS G T

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright

(TH& sl o1 Aol A1)
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notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

AU o 7)ol th= 22 W&ol 2= o] JFUth

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)
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C.3.11 strtod 2} dtoa

The file Pyt hon/dtoa. ¢, which supplies C functions dtoa and strtod for conversion of C doubles to and from strings,
is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/web/
20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains the fol-
lowing copyright and licensing notice:

/****************************************************************

*

* The author of this software is David M. Gay.

*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

*

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
*

WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available by
the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived
from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

(ThE sl el Aol A<)
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"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable

by such Contributor that are necessarily infringed by their
(TH& sl o1 Aol A1)
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Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed

with Licensor regarding such Contributions.
(TH& sl o1 Aol A1)
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6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—-—-with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

(TH& sl oA ol A1)
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the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes extension is built using an included copy of the libffi sources unless the build is configured
——with-system-1libffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘'Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED ' "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

z1ib B2 A" ol A 2 zlib W W o] L7 2.2 of A A =of] AFSE 4= glow, 23 zlib S AR S

ARg St dEg Ytk

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it

(TH& sl oA ol A1)
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freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

7 o] A ol A A <)

C.3.16 cfuhash

tracemalloc o 93] AF&% &= A H o] 22 73 L cfuhash Z2 A EE 7|wto 2 o

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.
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C.3.17 libmpdec

The _decimal module is built using an included copy of the libmpdec library unless the build is configured
——with-system—-libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14NEHIAE ARIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the W3C
website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,

(TH& sl oA ol A1)
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SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/sox/
12.17.7/s0x-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUDING
THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PUR-
POSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE INFRINGE-
MENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE OR ANY
PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect and
consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3. Z &=l AZEQ|0{0l CHE! 210|MIA L S0l 335

H



https://sourceforge.net/projects/sox/files/sox/12.17.7/sox-12.17.7.tar.gz
https://sourceforge.net/projects/sox/files/sox/12.17.7/sox-12.17.7.tar.gz
https://github.com/MagicStack/uvloop/tree/v0.16.0

The Python/C API, 2 2|A 3.11.14

336 Appendix C. A2} 2fO|MIA



APPENDIX D

sho] 3} o] WA E:
Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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Py_CompileString (C &%), 46,47
Py_CompileStringExFlags (C function), 46
Py_CompileStringFlags (C function), 46
Py_CompileStringObject (C function), 46
Py_complex (Ctype), 128

Py_DEBUG (C macro), 14

Py_DebugFlag (Cvar), 190
Py_DecodeLocale (C function), 66
Py_DECREF (C function), 50

Py_DecRef (C function), 50

Py_DECREF (C &), 8

Py_DEPRECATED (C macro), 5
Py_DontWriteBytecodeFlag (C var), 190
Py_Ellipsis (Cvar), 175
Py_EncodeLocale (C function), 67
Py_END_ALLOW_THREADS (C macro), 198, 201
Py_EndInterpreter (C function), 205
Py_EnterRecursiveCall (C function), 61
Py_EQ (C macro), 275

Py_eval_input (Cvar), 46

Py_Exit (C function), 70
Py_ExitStatusException (C function), 215
Py_False (Cvar), 125

Py_FatalError (C function), 70
Py_FatalError (), 196
Py_FdIsInteractive (C function), 65
Py_file_input (Cvar), 46
Py_Finalize (C function), 193
Py_FinalizeEx (C function), 192, 205
Py_FinalizeEx (C &%), 70
Py_FrozenFlag (Cvar), 190

Py_GE (C macro), 275

Py_GenericAlias (C function), 187
Py_GenericAliasType (C var), 187
Py_GetArgcArgv (C function), 234
Py_GetBuildInfo (C function), 196
Py_GetCompiler (C function), 195
Py_GetCopyright (C function), 195
Py_GETENV (C macro), 6

Py_buffer. format (C member), 110 i )
Py_buffer.internal (C member), 111 Py_GetExecPrefix (C function), 194

_ ] =1
Py_buffer.itemsize (C member), 110 Py_GetExecPreflx. (C&=), 13
Py_buffer.len (C member), 109 Py_GetPath (C function), 194
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Py_GetPath (C &), 13

Py_GetPath (), 193, 195
Py_GetPlatform (C function), 195
Py_GetPrefix (C function), 194
Py_GetPrefix (C &), 13
Py_GetProgramFullPath (C function), 194
Py_GetProgramFullPath (C &%), 13
Py_GetProgramName (C function), 194
Py_GetPythonHome (C function), 197
Py_GetVersion (C function), 195

Py_GT (C macro), 275

Py_hash_t (Ctype), 86
Py_HashRandomizationFlag (Cvar), 191
Py_IgnoreEnvironmentFlag (Cvar), 191
Py_INCREF (C function), 49

Py_IncRef (C function), 50

Py_INCREF (C ¥<), 8

Py_Initialize (C function), 192, 205
Py_Initialize (C &), 13
Py_Initialize(), 193
Py_InitializeEx (C function), 192
Py_InitializeFromConfig (C function), 230
Py_InspectFlag (Cvar), 191
Py_InteractiveFlag (Cvar), 191

Py_TIs (C function), 250

Py_IS_TYPE (C function), 251

Py_IsFalse (C function), 251
Py_IsInitialized (C function), 192
Py_IsInitialized (C &%), 13
Py_TIsNone (C function), 251
Py_IsolatedFlag (Cvar), 191
Py_IsTrue (C function), 251

Py_LE (C macro), 275
Py_LeaveRecursiveCall (C function), 61
Py_LegacyWindowsFSEncodingFlag (Cvar), 191
Py_LegacyWindowsStdioFlag (Cvar), 191
Py_LIMITED_APT (C macro), 15

Py_LT (C macro), 275

Py_Main (C function), 43
PY_MAJOR_VERSION (C macro), 297
Py_MAX (C macro), 6

Py_MEMBER_SIZE (C macro), 6
PY_MICRO_VERSION (C macro), 297
Py_MIN (C macro), 6

PY_MINOR_VERSION (C macro), 297
Py_mod_create (C macro), 169
Py_mod_exec (C macro), 169

Py_NE (C macro), 275
Py_NewInterpreter (C function), 205
Py_NewRef (C function), 49
Py_NO_INLINE (C macro), 6

Py_None (Cvar), 121

Py_NoSiteFlag (Cvar), 191
Py_NotImplemented (C var), 91

Py_NoUserSiteDirectory (Cvar), 191

Py_OpenCodeHookFunction (C type), 164

Py_OptimizeFlag (Cvar), 191

Py_PrelInitialize (C function), 218

Py_PreInitializeFromArgs (C function), 218

Py_PreInitializeFromBytesArgs (C function),
218

Py_PRINT_RAW (C macro), 91

Py_PRINT_RAW (C W} 3 &), 165

Py_QuietFlag (Cvar), 192

Py_REFCNT (C function), 251

PY_RELEASE_LEVEL (C macro), 297

PY_RELEASE_SERIAL (C macro), 297

Py_ReprEnter (C function), 61

Py_ReprLeave (C function), 61

Py_RETURN_FALSE (C macro), 125

Py_RETURN_NONE (C macro), 121

Py_RETURN_NOTIMPLEMENTED (C macro), 91

Py_RETURN_RICHCOMPARE (C macro), 275

Py_RETURN_TRUE (C macro), 125

Py_RunMain (C function), 233

Py_SET_REFCNT (C function), 251

Py_SET_SIZE (C function), 252

Py_SET_TYPE (C function), 251

Py_SetPath (C function), 195

Py_SetPath (), 195

Py_SetProgramName (C function), 13, 193

Py_SetProgramName (), 192, 194

Py_SetPythonHome (C function), 197

Py_SetStandardStreamEncoding (C function),
193

Py_single_input (Cvar), 47

Py_SIZE (C function), 251

Py_ssize_t (Ctype), 11

PY_SSIZE_T_MAX (CUj=zZZ), 124

Py_STRINGIFY (C macro), 6

Py_TPFLAGS_BASE_EXC_SUBCLASS (C macro), 271

Py_TPFLAGS_BASETYPE (C macro), 270

Py_TPFLAGS_BYTES_SUBCLASS (C macro), 271

Py_TPFLAGS_DEFAULT (C macro), 270

Py_TPFLAGS_DICT_SUBCLASS (C macro), 271

Py_TPFLAGS_DISALLOW_INSTANTIATION (Cc
macro), 272

Py_TPFLAGS_HAVE_FINALIZE (Cmacro), 271

Py_TPFLAGS_HAVE_GC (C macro), 270

Py_TPFLAGS_HAVE_VECTORCALL (C macro), 271

Py_TPFLAGS_HEAPTYPE (C macro), 270

Py_TPFLAGS_IMMUTABLETYPE (C macro), 272

Py_TPFLAGS_LIST_SUBCLASS (Cmacro), 271

Py_TPFLAGS_LONG_SUBCLASS (C macro), 271

Py_TPFLAGS_MAPPING (C macro), 272

Py_TPFLAGS_METHOD_DESCRIPTOR (C macro), 271

Py_TPFLAGS_READY (C macro), 270

Py_TPFLAGS_READYING (C macro), 270
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Py_TPFLAGS_SEQUENCE (C macro), 272

Py_TPFLAGS_TUPLE_SUBCLASS (C macro), 271

Py_TPFLAGS_TYPE_SUBCLASS (C macro), 271

Py_TPFLAGS_UNICODE_SUBCLASS (C macro), 271

Py_tracefunc (Ctype), 207

Py_True (Cvar), 125

Py_tss_NEEDS_INIT (C macro), 209

Py_tss_t (Ctype), 209

Py_TYPE (C function), 251

Py_UCS1 (Ctype), 133

Py_UCS2 (Ctype), 133

Py_UCS4 (C type), 133

Py_uhash_t (Ctype), 86

Py_UNBLOCK_THREADS (C macro), 201

Py_UnbufferedStdioFlag (C var), 192

Py_UNICODE (C type), 133

Py_UNICODE_IS_HIGH_SURROGATE (C macro), 136

Py_UNICODE_IS_LOW_SURROGATE (C macro), 137

Py_UNICODE_TIS_SURROGATE (C macro), 136

Py_UNICODE_ISALNUM (C function), 136

Py_UNICODE_TISALPHA (C function), 136

Py_UNICODE_ISDECIMAL (C function), 136

Py_UNICODE_ISDIGIT (C function), 136

Py_UNICODE_ISLINEBRERAK (C function), 135

Py_UNICODE_ISLOWER (C function), 135

Py_UNICODE_ISNUMERIC (C function), 136

Py_UNICODE_ISPRINTABLE (C function), 136

Py_UNICODE_TISSPACE (C function), 135

Py_UNICODE_ISTITLE (C function), 135

Py_UNICODE_ISUPPER (C function), 135

Py_UNICODE_JOIN_SURROGATES (C macro), 137

Py_UNICODE_TODECIMAL (C function), 136

Py_UNICODE_TODIGIT (C function), 136

Py_UNICODE_TOLOWER (C function), 136

Py_UNICODE_TONUMERIC (C function), 136

Py_UNICODE_TOTITLE (C function), 136

Py_UNICODE_TOUPPER (C function), 136

Py_UNREACHABLE (C macro), 6

Py_UNUSED (C macro), 6

Py_VaBuildvValue (C function), 84

PY_VECTORCALIL_ARGUMENTS_OFFSET (C macro),
97

Py_VerboseFlag (Cvar), 192

Py_Version (Cvar), 298

PY_VERSION_HEX (C macro), 297

Py_VISIT (C function), 295

Py_XDECREF (C function), 50

Py_XDECREF (C <), 13

Py_XINCREF (C function), 49

Py_XNewRef (C function), 50

PyAIter_Check (C function), 107

PyAnySet_Check (C function), 158

PyAnySet_CheckExact (C function), 158

PyArg_Parse (C function), 81

PyArg_ParseTuple (C function), 81
PyArg_ParseTupleAndKeywords (C function), 81
PyArg_UnpackTuple (C function), 81
PyArg_ValidateKeywordArguments
tion), 81
PyArg_VaParse (C function), 81
PyArg_VaParseTupleAndKeywords (C function),
81
PyASCIIObject (C type), 133
PyAsyncMethods (C type), 288
PyAsyncMethods.am_aiter (C member), 288
PyAsyncMethods.am_anext (C member), 288
PyAsyncMethods.am_await (C member), 288
PyAsyncMethods.am_send (C member), 288
PyBool_Check (C function), 125
PyBool_FromLong (C function), 125
PyBool_Type (Cvar), 125
PyBUF_ANY_CONTIGUOUS (C macro), 112
PyBUF_C_CONTIGUOQUS (C macro), 112
PyBUF_CONTIG (C macro), 113
PyBUF_CONTIG_RO (C macro), 113
PyBUF_F_CONTIGUOUS (C macro), 112
PyBUF_FORMAT (C macro), 111
PyBUF_FULL (C macro), 113
PyBUF_FULL_RO (C macro), 113
PyBUF_INDIRECT (C macro), 112
PyBUF_MAX_NDIM (C macro), 111
PyBUF_ND (C macro), 112
PyBUF_READ (C macro), 175
PyBUF_RECORDS (C macro), 113
PyBUF_RECORDS_RO (C macro), 113
PyBUF_SIMPLE (C macro), 112
PyBUF_STRIDED (C macro), 113
PyBUF_STRIDED_RO (C macro), 113
PyBUF_STRIDES (C macro), 112
PyBUF_WRITABLE (C macro), 111
PyBUF_WRITE (C macro), 175
PyBuffer_FillContiguousStrides
tion), 115
PyBuffer_FillInfo (C function), 115
PyBuffer_FromContiguous (C function), 115
PyBuffer_GetPointer (C function), 115
PyBuffer_IsContiguous (C function), 115
PyBuffer_Release (C function), 115
PyBuffer_SizeFromFormat (C function), 115
PyBuffer_ToContiguous (C function), 115
PyBufferProcs (C type), 287
PyBufferProcs (C §), 108
PyBufferProcs.bf_getbuffer (C member), 287
PyBufferProcs.bf_releasebuffer (C mem-
ber), 287
PyByteArray_AS_STRING (C function), 132
PyByteArray_AsString (C function), 132
PyByteArray_Check (C function), 131
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PyByteArray_CheckExact (C function), 131
PyByteArray_Concat (C function), 132
PyByteArray_FromObject (C function), 132
PyByteArray_FromStringAndSize (C function),
132
PyByteArray_GET_SIZE (C function), 132
PyByteArray_Resize (C function), 132
PyByteArray_Size (C function), 132
PyByteArray_Type (Cvar), 131
PyByteArrayObject (Ctype), 131
PyBytes_AS_STRING (C function), 130
PyBytes_AsString (C function), 130
PyBytes_AsStringAndSize (C function), 130
PyBytes_Check (C function), 129
PyBytes_CheckExact (C function), 129
PyBytes_Concat (C function), 131
PyBytes_ConcatAndDel (C function), 131
PyBytes_FromFormat (C function), 130
PyBytes_FromFormatV (C function), 130
PyBytes_FromObject (C function), 130
PyBytes_FromString (C function), 129
PyBytes_FromStringAndSize (C function), 129
PyBytes_GET_SIZE (C function), 130
PyBytes_Size (C function), 130
PyBytes_Type (Cvar), 129
PyBytesObject (C type), 129
PyCallable_Check (C function), 101
PyCallIter_Check (C function), 173
PyCallIter_New (C function), 173
PyCallIter_Type (Cvar), 173
PyCapsule (Ctype), 177
PyCapsule_CheckExact (C function), 177
PyCapsule_Destructor (Ctype), 177
PyCapsule_GetContext (C function), 178
PyCapsule_GetDestructor (C function), 178
PyCapsule_GetName (C function), 178
PyCapsule_GetPointer (C function), 177
PyCapsule_TImport (C function), 178
PyCapsule_TIsValid (C function), 178
PyCapsule_New (C function), 177
PyCapsule_SetContext (C function), 178
PyCapsule_SetDestructor (C function), 178
PyCapsule_SetName (C function), 178
PyCapsule_SetPointer (C function), 178
PyCell_Check (C function), 162
PyCell_GET (C function), 162
PyCell_Get (C function), 162
PyCell_New (C function), 162
PyCell_SET (C function), 162
PyCell_Set (C function), 162
PyCell_Type (Cvar), 162
PyCellObject (Ctype), 162
PyCFunction (C type), 252
PyCFunction_New (C function), 255

PyCFunction_NewEx (C function), 255
PyCFunctionWithKeywords (C type), 252
PyCMethod (C type), 253
PyCMethod_New (C function), 255
PyCode_Addr2Line (C function), 163
PyCode_Addr2Location (C function), 163
PyCode_Check (C function), 162
PyCode_GetCellvars (C function), 163
PyCode_GetCode (C function), 163
PyCode_GetFreevars (C function), 164
PyCode_GetNumFree (C function), 162
PyCode_GetVarnames (C function), 163
PyCode_New (C function), 162
PyCode_NewEmpty (C function), 163
PyCode_NewWithPosOnlyArgs (C function), 163
PyCode_Type (C var), 162
PyCodec_BackslashReplaceErrors
tion), 89
PyCodec_Decode (C function), 88
PyCodec_Decoder (C function), 88
PyCodec_Encode (C function), 88
PyCodec_Encoder (C function), 88
PyCodec_IgnoreErrors (C function), 89
PyCodec_IncrementalDecoder (C function), 88
PyCodec_IncrementalEncoder (C function), 88
PyCodec_KnownEncoding (C function), 88
PyCodec_LookupError (C function), 89
PyCodec_NameReplaceErrors (C function), 89
PyCodec_Register (C function), 88
PyCodec_RegisterError (C function), 89
PyCodec_ReplaceErrors (C function), 89
PyCodec_StreamReader (C function), 88
PyCodec_StreamWriter (C function), 88
PyCodec_StrictErrors (C function), 89
PyCodec_Unregister (C function), 88
PyCodec_XMLCharRefReplaceErrors (C func-
tion), 89
PyCodeObject (Ctype), 162
PyCompactUnicodeObject (Ctype), 133
PyCompilerFlags (C struct), 47
PyCompilerFlags.cf_feature_version (C
member), 47
PyCompilerFlags.cf_flags (C member), 47
PyComplex_AsCComplex (C function), 129
PyComplex_Check (C function), 128
PyComplex_CheckExact (C function), 128
PyComplex_FromCComplex (C function), 129
PyComplex_FromDoubles (C function), 129
PyComplex_ImagAsDouble (C function), 129
PyComplex_RealAsDouble (C function), 129
PyComplex_Type (Cvar), 128
PyComplexObject (C type), 128
PyConfig (Ctype), 219
PyConfig_Clear (C function), 220
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PyConfig_InitIsolatedConfig (C function),219
PyConfig_InitPythonConfig (C function), 219
PyConfig_Read (C function), 220
PyConfig_SetArgv (C function), 219
PyConfig_SetBytesArgv (C function), 219
PyConfig_SetBytesString (C function), 219
PyConfig_SetString (C function), 219
PyConfig_SetWideStringList (C function), 219
PyConfig.argv (C member), 220
PyConfig.base_exec_prefix (C member), 221
PyConfig.base_executable (C member), 221
PyConfig.base_prefix (C member), 221
PyConfig.buffered_stdio (C member), 221
PyConfig.bytes_warning (C member), 221
PyConfig.check_hash_pycs_mode (C member),
222
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
223
PyConfig.
PyConfig.
PyConfig.
PyConfig.

code_debug_ranges (C member), 221
configure_c_stdio (C member), 222
dev_mode (C member), 222
dump_refs (C member), 222
exec_prefix (C member), 222
executable (C member), 222
faulthandler (C member), 223
filesystem_encoding (C member),

filesystem_errors (C member), 223
hash_seed (C member), 223
home (C member), 224
import_time (C member), 224
PyConfig.inspect (C member), 224
PyConfig.install_signal_handlers (C mem-
ber), 224
PyConfig.interactive (C member), 224
PyConfig.isolated (C member), 224
PyConfig.legacy_windows_stdio (C member),
224
PyConfig.malloc_stats (C member), 225
PyConfig.module_search_paths (C member),

225
PyConfig.module_search_paths_set (C mem-

ber), 225
PyConfig.optimization_level (Cmember), 225

orig_argv (C member), 226
parse_argv (C member), 226
PyConfig.parser_debug (C member), 226
PyConfig.pathconfig_warnings (C member),
226
PyConfig.platlibdir (C member), 225
PyConfig.prefix (C member), 226
PyConfig.program_name (C member), 226
PyConfig.pycache_prefix (Cmember), 227
PyConfig.pythonpath_env (C member), 225
PyConfig.quiet (Cmember), 227
PyConfig.run_command (C member), 227

PyConfig.
PyConfig.

run_filename (C member), 227
run_module (C member), 227
safe_path (C member), 220
show_ref_count (C member), 227
PyConfig.site_import (Cmember), 227
PyConfig.skip_source_first_line (C mem-
ber), 228
PyConfig.stdio_encoding (C member), 228
PyConfig.stdio_errors (C member), 228
PyConfig.tracemalloc (C member), 228
PyConfig.use_environment (C member), 228
PyConfig.use_hash_seed (C member), 223
PyConfig.user_site_directory (C member),
228
PyConfig.verbose (C member), 229
PyConfig.warn_default_encoding (C mem-
ber), 221
PyConfig.warnoptions (C member), 229
PyConfig.write_bytecode (C member), 229
PyConfig.xoptions (C member), 229
PyContext (Ctype), 181
PyContext_CheckExact (C function), 182
PyContext_Copy (C function), 182
PyContext_CopyCurrent (C function), 182
PyContext_Enter (C function), 182
PyContext_Exit (C function), 182
PyContext_New (C function), 182
PyContext_Type (Cvar), 181
PyContextToken (Ctype), 181
PyContextToken_CheckExact (C function), 182
PyContextToken_Type (Cvar), 181
PyContextVar (Ctype), 181
PyContextVar_CheckExact (C function), 182
PyContextVar_Get (C function), 182
PyContextVar_New (C function), 182
PyContextVar_Reset (C function), 183
PyContextVar_Set (C function), 182
PyContextVar_Type (Cvar), 181
PyCoro_CheckExact (C function), 181
PyCoro_New (C function), 181
PyCoro_Type (Cvar), 181
PyCoroObject (Ctype), 181
PyDate_Check (C function), 183
PyDate_CheckExact (C function), 184
PyDate_FromDate (C function), 184
PyDate_FromTimestamp (C function), 186
PyDateTime_Check (C function), 184
PyDateTime_CheckExact (C function), 184
PyDateTime_Date (Ctype), 183
PyDateTime_DATE_GET_FOLD (C function), 185
PyDateTime_DATE_GET_HOUR (C function), 185
PyDateTime_DATE_GET_MICROSECOND (C func-
tion), 185
PyDateTime_DATE_GET_MINUTE (Cfunction), 185

PyConfig.
PyConfig.
PyConfig.
PyConfig.
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PyDateTime_DATE_GET_SECOND (Cfunction), 185
PyDateTime_DATE_GET_TZINFO (C function), 185
PyDateTime_DateTime (C type), 183
PyDateTime_DateTimeType (C var), 183
PyDateTime_DateType (C var), 183
PyDateTime_Delta (C type), 183
PyDateTime_DELTA_GET_DAYS (C function), 186
PyDateTime_ DELTA_GET_MICROSECONDS (c
Sfunction), 186
PyDateTime DELTA_GET_SECONDS (c function),
186
PyDateTime_DeltaType (Cvar), 183
PyDateTime_FromDateAndTime (C function), 184
PyDateTime_FromDateAndTimeAndFold (C
Sfunction), 184
PyDateTime_FromTimestamp (C function), 186
PyDateTime_GET_DAY (C function), 185
PyDateTime_GET_MONTH (C function), 185
PyDateTime_GET_YEAR (C function), 185
PyDateTime_Time (C type), 183
PyDateTime_TIME_GET_FOLD (C function), 186
PyDateTime_TIME_GET_HOUR (Cfunction), 186
PyDateTime_TIME_GET_MICROSECOND (C func-
tion), 186
PyDateTime_TIME_GET_MINUTE (C function), 186
PyDateTime_ TIME_GET_SECOND (Cfunction), 186
PyDateTime_TIME_GET_TZINFO (Cfunction), 186
PyDateTime_TimeType (Cvar), 183
PyDateTime_TimeZone_UTC (C var), 183
PyDateTime_TZInfoType (Cvar), 183
PyDelta_Check (C function), 184
PyDelta_CheckExact (C function), 184
PyDelta_FromDSU (C function), 185
PyDescr_IsData (C function), 174
PyDescr_NewClassMethod (C function), 173
PyDescr_NewGetSet (C function), 173
PyDescr_NewMember (C function), 173
PyDescr_NewMethod (C function), 173
PyDescr_NewWrapper (C function), 173
PyDict_Check (C function), 155
PyDict_CheckExact (C function), 155
PyDict_Clear (C function), 155
PyDict_Contains (C function), 155
PyDict_Copy (C function), 155
PyDict_DelItem (C function), 155
PyDict_DelItemString (C function), 155
PyDict_GetItem (C function), 155
PyDict_GetItemString (C function), 156
PyDict_GetItemWithError (C function), 156
PyDict_TItems (C function), 156
PyDict_Keys (C function), 156
PyDict_Merge (C function), 157
PyDict_MergeFromSeq2 (C function), 157
PyDict_New (C function), 155

PyDict_Next (C function), 156
PyDict_SetDefault (C function), 156
PyDict_SetItem (C function), 155
PyDict_SetItemString (C function), 155
PyDict_Size (C function), 156
PyDict_Type (C var), 155
PyDict_Update (C function), 157
PyDict_Values (C function), 156
PyDictObject (C type), 155
PyDictProxy_New (C function), 155
PyDoc_STR (C macro), 7
PyDoc_STRVAR (C macro), 7
PyErr_BadArgument (C function), 52
PyErr_BadInternalCall (C function), 54
PyErr_CheckSignals (C function), 58
PyErr_Clear (C function), 51
PyErr_Clear (C&%), 11,13
PyErr_ExceptionMatches (C function), 56
PyErr_ExceptionMatches (C &), 13
PyErr_Fetch (C function), 56
PyErr_Format (C function), 52
PyErr_FormatV (C function), 52
PyErr_GetExcInfo (C function), 57
PyErr_GetHandledException (C function), 57
PyErr_GivenExceptionMatches (C function), 56
PyErr_NewException (C function), 59
PyErr_NewExceptionWithDoc (C function), 59
PyErr_NoMemory (C function), 52
PyErr_NormalizeException (C function), 56
PyErr_Occurred (C function), 56
PyErr_Occurred (C g), 11
PyErr_Print (C function), 52
PyErr_PrintEx (C function), 51
PyErr_ResourceWarning (C function), 55
PyErr_Restore (C function), 56
PyErr_SetExcFromWindowsErr (C function), 53
PyErr_SetExcFromWindowsErrWithFilename
(C function), 54

PyErr_SetExcFromWindowsErrWithFilenameObject

(C function), 53

PyErr_SetExcFromWindowsErrWithFilenameObjects

(C function), 54
PyErr_SetExcInfo (C function), 57
PyErr_SetFromErrno (C function), 53
PyErr_SetFromErrnoWithFilename

tion), 53
PyErr_SetFromErrnoWithFilenameObject (C

function), 53
PyErr_SetFromErrnoWithFilenameObjects

(C function), 53
PyErr_SetFromWindowsErr (C function), 53
PyErr_SetFromWindowsErrWithFilename (C

function), 53
PyErr_SetHandledException (C function), 57
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PyErr_SetImportError (C function), 54
PyErr_SetImportErrorSubclass (C function),
54
PyErr_SetInterrupt (C function), 58
PyErr_SetInterruptEx (C function), 58
PyErr_SetNone (C function), 52
PyErr_SetObject (C function), 52
PyErr_SetString (C function), 52
PyErr_SetString (C &), 11
PyErr_SyntaxLocation (C function), 54
PyErr_SyntaxLocationEx (C function), 54
PyErr_SyntaxLocationObject (C function), 54
PyErr_WarnEx (C function), 55
PyErr_WarnExplicit (C function), 55
PyErr_WarnExplicitObject (C function), 55
PyErr_WarnFormat (C function), 55
PyErr_WriteUnraisable (C function), 52
PyEval_AcquireLock (C function), 204
PyEval_AcquireThread (C function), 204
PyEval_AcquireThread(), 199
PyEval_EvalCode (C function), 46
PyEval_EvalCodeEx (C function), 46
PyEval_EvalFrame (C function), 46
PyEval_EvalFrameEx (C function), 46
PyEval_GetBuiltins (C function), 87
PyEval_GetFrame (C function), 87
PyEval_GetFuncDesc (C function), 87
PyEval_GetFuncName (C function), 87
PyEval_GetGlobals (C function), 87
PyEval_GetLocals (C function), 87
PyEval_InitThreads (C function), 199
PyEval_InitThreads (), 192
PyEval_MergeCompilerFlags (C function), 46
PyEval_ReleaseLock (C function), 204
PyEval_ReleaseThread (C function), 204
PyEval_ReleaseThread(), 199
PyEval_RestoreThread (C function), 198, 200
PyEval_RestoreThread(), 199
PyEval_SaveThread (C function), 198, 200
PyEval_SaveThread (), 199
PyEval_SetProfile (C function), 208
PyEval_SetTrace (C function), 208
PyEval_ThreadsInitialized (C function), 199
PyExc_ArithmeticError (C ¥4), 62
PyExc_AssertionError (C ), 62
PyExc_AttributeError (C ¥%), 62
PyExc_BaseException (C H), 62
PyExc_BlockingIOError (C ), 62
PyExc_BrokenPipeError (C HS), 62
PyExc_BufferError (C ¥F), 62
PyExc_BytesWarning (C ), 63
PyExc_ChildProcessError (C W), 62
PyExc_ConnectionAbortedError (C HIY), 62
PyExc_ConnectionError (C H4), 62

PyExc_ConnectionRefusedError (C H4), 62
PyExc_ConnectionResetError (C ¥4), 62
PyExc_DeprecationWarning (C H4), 63
PyExc_EnvironmentError (C <), 63
PyExc_EOFError (C %), 62
PyExc_Exception (C¥HF), 62
PyExc_FileExistsError (C %), 62
PyExc_FileNotFoundError (C ), 62
PyExc_FloatingPointError (C ), 62
PyExc_FutureWarning (C H), 63
PyExc_GeneratorExit (CYH), 62
PyExc_ImportError (C¥HF), 62
PyExc_ImportWarning (C W), 63
PyExc_IndentationError (C W), 62
PyExc_IndexError (C ), 62
PyExc_InterruptedError (C H), 62
PyExc_IOError (C¥<), 63
PyExc_IsADirectoryError (C W), 62
PyExc_KeyboardInterrupt (C¥H%), 62
PyExc_KeyError (C ¥H), 62
PyExc_LookupError (C ), 62
PyExc_MemoryError (C W), 62
PyExc_ModuleNotFoundError (C ¥5), 62
PyExc_NameError (C ), 62
PyExc_NotADirectoryError (C ), 62
PyExc_NotImplementedError (C ¥F), 62
PyExc_OSError (C ¥), 62
PyExc_OverflowError (C ), 62
PyExc_PendingDeprecationWarning (C ¥4,
63
PyExc_PermissionError (C ¥H<), 62
PyExc_ProcessLookupError (C <), 62
PyExc_RecursionError (C HS), 62
PyExc_ReferenceError (C HE), 62
PyExc_ResourceWarning (C ), 63
PyExc_RuntimeError (C ¥HF), 62
PyExc_RuntimeWarning (C <), 63
PyExc_StopAsyncIteration (C %), 62
PyExc_Stoplteration (C¥H), 62
PyExc_SyntaxError (C ), 62
PyExc_SyntaxWarning (C ), 63
PyExc_SystemError (C ), 62
PyExc_SystemExit (C W), 62
PyExc_TabError (C ¥H), 62
PyExc_TimeoutError (C ¥5), 62
PyExc_TypeError (C ), 62
PyExc_UnboundLocalError (C ¥H<), 62
PyExc_UnicodeDecodeError (C ), 62
PyExc_UnicodeEncodeError (C H4), 62
PyExc_UnicodeError (C ¥F), 62
PyExc_UnicodeTranslateError (C W), 62
PyExc_UnicodeWarning (C %), 63
PyExc_UserWarning (C ¥<), 63
PyExc_ValueError (C ), 62
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PyExc_Warning (C Y1), 63
PyExc_WindowsError (C ), 63
PyExc_ZeroDivisionError (C ), 62
PyException_GetCause (C function), 60
PyException_GetContext (C function), 59
PyException_GetTraceback (C function), 59
PyException_SetCause (C function), 60
PyException_SetContext (C function), 59
PyException_SetTraceback (C function), 59
PyFile_FromFd (C function), 164
PyFile_GetLine (C function), 164
PyFile_SetOpenCodeHook (C function), 164
PyFile_WriteObject (C function), 165
PyFile_WriteString (C function), 165
PyFloat_AS_DOUBLE (C function), 126
PyFloat_AsDouble (C function), 126
PyFloat_Check (C function), 126
PyFloat_CheckExact (C function), 126
PyFloat_FromDouble (C function), 126
PyFloat_FromString (C function), 126
PyFloat_GetInfo (C function), 126
PyFloat_GetMax (C function), 126
PyFloat_GetMin (C function), 126
PyFloat_Pack?2 (C function), 127
PyFloat_Pack4 (C function), 127
PyFloat_Pack8 (C function), 127
PyFloat_Type (Cvar), 126
PyFloat_Unpack?2 (C function), 127
PyFloat_Unpack4 (C function), 127
PyFloat_Unpack8 (C function), 127
PyFloatObject (Ctype), 126
PyFrame_Check (C function), 179
PyFrame_GetBack (C function), 179
PyFrame_GetBuiltins (C function), 179
PyFrame_GetCode (C function), 179
PyFrame_GetGenerator (C function), 179
PyFrame_GetGlobals (C function), 179
PyFrame_GetLasti (C function), 180
PyFrame_GetLineNumber (C function), 180
PyFrame_GetLocals (C function), 180
PyFrame_Type (Cvar), 179
PyFrameObject (C type), 179
PyFrozenSet_Check (C function), 158
PyFrozenSet_CheckExact (C function), 158
PyFrozenSet_New (C function), 158
PyFrozenSet_Type (Cvar), 158
PyFunction_Check (C function), 159
PyFunction_GetAnnotations (C function), 160
PyFunction_GetClosure (C function), 160
PyFunction_GetCode (C function), 160
PyFunction_GetDefaults (C function), 160
PyFunction_GetGlobals (C function), 160
PyFunction_GetModule (C function), 160
PyFunction_New (C function), 160

PyFunction_NewWithQualName (C function), 160
PyFunction_SetAnnotations (C function), 160
PyFunction_SetClosure (C function), 160
PyFunction_SetDefaults (C function), 160
PyFunction_Type (Cvar), 159
PyFunctionObject (C type), 159
PyGC_Collect (C function), 295
PyGC_Disable (C function), 295
PyGC_Enable (C function), 295
PyGC_IsEnabled (C function), 296
PyGen_Check (C function), 180
PyGen_CheckExact (C function), 180
PyGen_New (C function), 180
PyGen_NewWithQualName (C function), 180
PyGen_Type (Cvar), 180
PyGenObject (Ctype), 180
PyGetSetDef (Ctype), 256
PyGILState_Check (C function), 201
PyGILState_Ensure (C function), 200
PyGILState_GetThisThreadState (C function),
201
PyGILState_Release (C function), 200
PyHash_FuncDef (C type), 86
PyHash_FuncDef.hash_bits (C member), 87
PyHash_FuncDef .name (C member), 86
PyHash_FuncDef.seed_bits (C member), 87
PyHash_GetFuncDef (C function), 87
PyImport_AddModule (C function), 72
PyImport_AddModuleObject (C function), 71
PyImport_AppendInittab (C function), 74
PyImport_ExecCodeModule (C function), 72
PyImport_ExecCodeModuleEx (C function), 72
PyImport_ExecCodeModuleObject (C function),
72
PyImport_ExecCodeModuleWithPathnames (C
Sfunction), 72
PyImport_ExtendInittab (C function), 74
PyImport_FrozenModules (Cvar), 74
PyImport_GetImporter (C function), 73
PyImport_GetMagicNumber (C function), 73
PyImport_GetMagicTagqg (C function), 73
PyImport_GetModule (C function), 73
PyImport_GetModuleDict (C function), 73
PyImport_Import (C function), 71
PyImport_ImportFrozenModule (C function), 73
PyImport_ImportFrozenModuleObject (C
function), 73
PyImport_ImportModule (C function), 71
PyImport_ImportModuleEx (C function), 71
PyImport_ImportModuleLevel (C function), 71
PyImport_ImportModuleLevelObject (C func-
tion), 71
PyImport_ImportModuleNoBlock (C function),
71
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PyImport_ReloadModule (C function), 71
PyIndex_Check (C function), 104
PyInstanceMethod_Check (C function), 161
PyInstanceMethod_Function (C function), 161
PyInstanceMethod_GET_FUNCTION (C function),
161
PyInstanceMethod_New (C function), 161
PyInstanceMethod_Type (Cvar), 161
PyInterpreterState (C type), 199
PyInterpreterState_Clear (C function), 201
PyInterpreterState_Delete (C function), 202
PyInterpreterState_Get (C function), 203
PyInterpreterState_GetDict (C function), 203
PyInterpreterState_GetID (C function), 203
PyInterpreterState_Head (C function), 208
PyInterpreterState_Main (C function), 208
PyInterpreterState_New (C function), 201
PyInterpreterState_Next (C function), 208
PyInterpreterState_ThreadHead (C function),
208
PyIter_Check (C function), 107
PyIter_Next (C function), 107
PyIter_Send (C function), 108
PyList_Append (C function), 154
PyList_AsTuple (C function), 154
PyList_Check (C function), 153
PyList_CheckExact (C function), 153
PyList_GET_ITEM (C function), 153
PyList_GET_SIZE (C function), 153
PyList_GetItem (C function), 153
PyList_GetItem (C <), 10
PyList_GetSlice (C function), 154
PyList_TInsert (C function), 154
PyList_New (C function), 153
PyList_Reverse (C function), 154
PyList_SET_ITEM (C function), 154
PyList_SetItem (C function), 153
PyList_SetItem (C &), 8
PyList_SetSlice (C function), 154
PyList_Size (C function), 153
PyList_Sort (C function), 154
PyList_Type (Cvar), 153
PyListObject (Ctype), 153
PyLong_AsDouble (C function), 125
PyLong_AsLong (C function), 123
PyLong_AsLongAndOverflow (C function), 123
PyLong_AsLongLong (C function), 123
PyLong_AsLongLongAndOverflow (C function),
123
PyLong_AsSize_t (C function), 124
PyLong_AsSsize_t (C function), 124
PyLong_AsUnsignedLong (C function), 124
PyLong_AsUnsignedLongLong (C function), 124

PyLong_AsUnsignedLongLongMask (C function),
124
PyLong_AsUnsignedLongMask (C function), 124
PyLong_AsVoidPtr (C function), 125
PyLong_Check (C function), 122
PyLong_CheckExact (C function), 122
PyLong_FromDouble (C function), 122
PyLong_FromLong (C function), 122
PyLong_FromLongLong (C function), 122
PyLong_FromSize_t (C function), 122
PyLong_FromSsize_t (C function), 122
PyLong_FromString (C function), 122
PyLong_FromUnicodeObject (C function), 123
PyLong_FromUnsignedLong (C function), 122
PyLong_FromUnsignedLongLong (C function), 122
PyLong_FromVoidPtr (C function), 123
PyLong_Type (Cvar), 122
PyLongObject (Ctype), 122
PyMapping_Check (C function), 106
PyMapping_DelItemn (C function), 106
PyMapping_DelItemString (C function), 107
PyMapping_GetItemString (C function), 106
PyMapping_HasKey (C function), 107
PyMapping_HasKeyString (C function), 107
PyMapping_Items (C function), 107
PyMapping_Keys (C function), 107
PyMapping_Length (C function), 106
PyMapping_SetItemString (C function), 106
PyMapping_Size (C function), 106
PyMapping_Values (C function), 107
PyMappingMethods (C type), 285
PyMappingMethods.mp_ass_subscript (Cc
member), 286
PyMappingMethods.mp_length (C member), 285
PyMappingMethods.mp_subscript (C member),
286
PyMarshal_ReadlLastObjectFromFile (C func-
tion), 75
PyMarshal_ReadLongFromFile (C function), 75
PyMarshal_ReadObjectFromFile (C function),
75
PyMarshal_ReadObjectFromString (C func-
tion), 75
PyMarshal_ReadShortFromFile (C function), 75
PyMarshal_WriteLongToFile (C function), 74
PyMarshal_WriteObjectToFile (C function), 74
PyMarshal_WriteObjectToString (C function),
75
PyMem_Calloc (C function), 240
PyMem_Del (C function), 240
PYMEM_DOMAIN_MEM (C macro), 243
PYMEM_DOMAIN_OBJ (C macro), 243
PYMEM_DOMAIN_RAW (C macro), 242
PyMem_Free (C function), 240
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PyMem_GetAllocator (C function), 243
PyMem_Malloc (C function), 239

PyMem_New (C macro), 240
PyMem_RawCalloc (C function), 239
PyMem_RawFree (C function), 239
PyMem_RawMalloc (C function), 239
PyMem_RawRealloc (C function), 239
PyMem_Realloc (C function), 240
PyMem_Resize (C macro), 240
PyMem_SetAllocator (C function), 243
PyMem_SetupDebugHooks (C function), 243
PyMemAllocatorDomain (C type), 242
PyMemAllocatorEx (C type), 242
PyMember_GetOne (C function), 256
PyMember_SetOne (C function), 256
PyMemberDef (C type), 255
PyMemoryView_Check (C function), 176
PyMemoryView_FromBuffer (C function), 175
PyMemoryView_FromMemory (C function), 175
PyMemoryView_FromObject (C function), 175
PyMemoryView_GET_BASE (C function), 176
PyMemoryView_GET_BUFFER (C function), 176
PyMemoryView_GetContiguous (C function), 176
PyMethod_Check (C function), 161
PyMethod_Function (C function), 161
PyMethod_GET_FUNCTION (C function), 161
PyMethod_GET_SELF (C function), 161
PyMethod_New (C function), 161
PyMethod_Self (C function), 161
PyMethod_Type (Cvar), 161

PyMethodDef (C type), 253

PyMethodDef .ml_doc (C member), 253
PyMethodDef .ml_flags (C member), 253
PyMethodDef .ml_meth (C member), 253
PyMethodDef .ml_name (C member), 253
PyMODINIT_FUNC (C macro), 5
PyModule_AddFunctions (C function), 170
PyModule_AddIntConstant (C function), 172
PyModule_AddIntMacro (C macro), 172
PyModule_AddObject (C function), 171
PyModule_AddObjectRef (C function), 170
PyModule_AddStringConstant (C function), 172
PyModule_AddStringMacro (C macro), 172
PyModule_AddType (C function), 172
PyModule_Check (C function), 165
PyModule_CheckExact (C function), 165
PyModule_Create (C function), 168
PyModule_Create?2 (C function), 168
PyModule_ExecDef (C function), 170
PyModule_FromDefAndSpec (C function), 169
PyModule_FromDefAndSpec?2 (C function), 169
PyModule_GetDef (C function), 166
PyModule_GetDict (C function), 165
PyModule_GetFilename (C function), 166

PyModule_GetFilenameObject (C function), 166
PyModule_GetName (C function), 166
PyModule_GetNameObject (C function), 166
PyModule_GetState (C function), 166
PyModule_New (C function), 165
PyModule_NewObject (C function), 165
PyModule_SetDocString (C function), 170
PyModule_Type (Cvar), 165
PyModuleDef (C type), 166
PyModuleDef_Init (C function), 168
PyModuleDef_Slot (Ctype), 168
PyModuleDef_Slot.slot (Cmember), 168
PyModuleDef_Slot.value (C member), 168
PyModuleDef .m_base (C member), 166
PyModuleDef.m_clear (C member), 167
PyModuleDef .m_doc (C member), 166
PyModuleDef .m_free (C member), 167
PyModuleDef .m_methods (C member), 167
PyModuleDef .m_name (C member), 166
PyModuleDef.m_size (C member), 166
PyModuleDef.m_slots (C member), 167
PyModuleDef.m_slots.m_reload (C member),
167
PyModuleDef.m_traverse (C member), 167
PyNumber_Absolute (C function), 102
PyNumber_Add (C function), 101
PyNumber_And (C function), 102
PyNumber_AsSsize_t (C function), 104
PyNumber_Check (C function), 101
PyNumber_Divmod (C function), 101
PyNumber_Float (C function), 103
PyNumber_FloorDivide (C function), 101
PyNumber_Index (C function), 103
PyNumber_InPlaceAdd (C function), 102
PyNumber_InPlaceAnd (C function), 103
PyNumber_InPlaceFloorDivide (C function), 102
PyNumber_InPlacelLshift (C function), 103
PyNumber_InPlaceMatrixMultiply (C func-
tion), 102
PyNumber_InPlaceMultiply (C function), 102
PyNumber_InPlaceOr (C function), 103
PyNumber_InPlacePower (C function), 103
PyNumber_InPlaceRemainder (C function), 103
PyNumber_InPlaceRshift (C function), 103
PyNumber_InPlaceSubtract (C function), 102
PyNumber_InPlaceTrueDivide (C function), 103
PyNumber_InPlaceXor (C function), 103
PyNumber_Invert (C function), 102
PyNumber_Long (C function), 103
PyNumber_Lshift (C function), 102
PyNumber_MatrixMultiply (C function), 101
PyNumber_Multiply (C function), 101
PyNumber_Negative (C function), 101
PyNumber_Or (C function), 102
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PyNumber_Positive (C function), 102
PyNumber_Power (C function), 101
PyNumber_Remainder (C function), 101
PyNumber_Rshift (C function), 102
PyNumber_Subtract (C function), 101
PyNumber_ToBase (C function), 104
PyNumber_TrueDivide (C function), 101

PyNumberMethods
284
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
ber), 285

.nb_remainder (C member),

.nb_reserved (C member), 285
.nb_rshift (C member), 285

.nb_subtract (C member), 284
.nb_true divide (C mem-

PyNumber_Xor (C function), 102
PyNumberMethods (C type), 283

PyNumberMethods

PyNumberMethods.
.nb_and (C member), 285
.nb_bool (C member), 284
.nb_divmod (C member), 284
.nb_float (C member), 285
.nb_floor_divide (C mem-

PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
ber), 285
PyNumberMethods
PyNumberMethods
ber), 285
PyNumberMethods
ber), 285

PyNumberMethods.nb_inplace_floor_divide

.nb_absolute (C member), 284

nb_add (C member), 284

.nb_index (C member), 285
.nb_inplace_add (C mem-

.nb_inplace_and (C mem-

(C member), 285

PyNumberMethods.
member), 285

nb_inplace_lshift (C

PyNumberMethods.nb_xor (C member), 285
PyObject (C type), 250
PyObject_AsCharBuffer (C function), 116
PyObject_ASCIT (C function), 93
PyObject_AsFileDescriptor (C function), 164
PyObject_AsReadBuffer (C function), 116
PyObject_AsWriteBuffer (C function), 116
PyObject_Bytes (C function), 94
PyObject_Call (C function), 98
PyObject_CallFunction (C function), 99
PyObject_CallFunctionObjArgs (C function),
99
PyObject_CallMethod (C function), 99
PyObject_CallMethodNoArgs (C function), 99
PyObject_CallMethodObjArgs (C function), 99
PyObject_CallMethodOneArqg (C function), 100
PyObject_CallNoArgs (C function), 98
PyObject_CallObject (C function), 99
PyObject_Calloc (C function), 241

PyNumberMethods.nb_inplace_matrix_multipRyObject_CallOneArgqg (C function), 99
(C member), 285

PyNumberMethods.

nb_inplace_multiply (C

member), 285
PyNumberMethods.nb_inplace_or (C member),
285
PyNumberMethods.nb_inplace_power (C mem-
ber), 285
PyNumberMethods.nb_inplace_remainder (C
member), 285
PyNumberMethods.nb_inplace_rshift
member), 285
PyNumberMethods.nb_inplace_subtract
member), 285
PyNumberMethods.nb_inplace_true_divide
(C member), 285
PyNumberMethods.nb_inplace_xor (C mem-

(C

(c

ber), 285
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods

PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods

.nb_int (C member), 285
.nb_invert (C member), 284
.nb_1shift (C member), 284
.nb_matrix multiply
member), 285
.nb_multiply (C member), 284
.nb_negative (Cmember), 284
.nb_or (C member), 285
.nb_positive (Cmember), 284
.nb_power (C member), 284

(C

PyObject_CheckBuffer (C function), 114
PyObject_CheckReadBuffer (C function), 116
PyObject_ClearWeakRefs (C function), 177
PyObject_CopyData (C function), 115
PyObject_Del (C function), 249
PyObject_DelAttr (C function), 92
PyObject_DelAttrString (C function), 92
PyObject_DelItem (C function), 95
PyObject_Dir (C function), 95
PyObject_Format (C function), 93
PyObject_Free (C function), 241
PyObject_GC_Del (C function), 294
PyObject_GC_IsFinalized (C function), 294
PyObject_GC_IsTracked (C function), 294
PyObject_GC_New (C macro), 294
PyObject_GC_NewVar (C macro), 294
PyObject_GC_Resize (Cmacro), 294
PyObject_GC_Track (C function), 294
PyObject_GC_UnTrack (C function), 294
PyObject_GenericGetAttr (C function), 92
PyObject_GenericGetDict (C function), 93
PyObject_GenericSetAttr (C function), 92
PyObject_GenericSetDict (C function), 93
PyObject_GetAIter (C function), 95
PyObject_GetArenaAllocator (C function), 246
PyObject_GetAttr (C function), 92
PyObject_GetAttrString (C function), 92
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PyObject_GetBuffer (C function), 114
PyObject_GetItem (C function), 95
PyObject_GetIter (C function), 95
PyObject_HasAttr (C function), 91
PyObject_HasAttrString (C function), 92
PyObject_Hash (C function), 94
PyObject_HashNotImplemented (C function), 94
PyObject_HEAD (C macro), 250
PyObject_HEAD_INIT (C macro), 252
PyObject_Init (C function), 249
PyObject_InitVar (C function), 249
PyObject_IS_GC (C function), 294
PyObject_IsInstance (C function), 94
PyObject_IsSubclass (C function), 94
PyObject_IsTrue (C function), 94
PyObject_Length (C function), 95
PyObject_LengthHint (C function), 95
PyObject_Malloc (C function), 241
PyObject_New (C macro), 249
PyObject_NewVar (C macro), 249
PyObject_Not (C function), 95
PyObject._ob_next (C member), 264
PyObject._ob_prev (C member), 264
PyObject_Print (C function), 91
PyObject_Realloc (C function), 241
PyObject_Repr (C function), 93
PyObject_RichCompare (C function), 93
PyObject_RichCompareBool (C function), 93
PyObject_SetArenaAllocator (C function), 246
PyObject_SetAttr (C function), 92
PyObject_SetAttrString (C function), 92
PyObject_SetItem (C function), 95
PyObject_Size (C function), 95
PyObject_Str (C function), 94
PyObject_Type (C function), 95
PyObject_TypeCheck (C function), 95
PyObject_VAR_HEAD (C macro), 250
PyObject_Vectorcall (C function), 100
PyObject_VectorcallDict (C function), 100
PyObject_VectorcallMethod (C function), 100
PyObjectArenaAllocator (C type), 245
PyObject.ob_refcnt (C member), 263
PyObject.ob_type (C member), 263
PyOS_AfterFork (C function), 66
PyOS_AfterFork_Child (C function), 66
PyOS_AfterFork_ Parent (C function), 65
PyOS_BeforeFork (C function), 65
PyOS_CheckStack (C function), 66
PyOS_double_to_string (C function), 86
PyOS_FSPath (C function), 65

PyOS_getsig (C function), 66
PyOS_InputHook (C var), 45
PyOS_ReadlineFunctionPointer (C var), 45
PyOS_setsig (C function), 66

PyOS_sighandler_t (Ctype), 66
PyOS_snprintf (C function), 84
PyOS_stricmp (C function), 86
PyOS_string_to_double (C function), 85
PyOS_strnicmp (C function), 86
PyOS_strtol (C function), 85
PyOS_strtoul (C function), 85
PyOS_vsnprintf (C function), 84
PyPreConfig (Ctype), 216
PyPreConfig_InitIsolatedConfig (C func-
tion), 216
PyPreConfig_InitPythonConfig (C function),
216
PyPreConfig.allocator (C member), 216
PyPreConfig.coerce_c_locale (Cmember),217
PyPreConfig.coerce_c_locale_warn (C mem-
ber), 217
PyPreConfig.configure_locale (C member),
216
PyPreConfig.dev_mode (C member), 217
PyPreConfig.isolated (Cmember), 217
PyPreConfig.legacy_windows_fs_encoding
(C member), 217
PyPreConfig.parse_argv (C member), 217
PyPreConfig.use_environment (C member),217
PyPreConfig.utf8_mode (C member), 217
PyProperty_Type (Cvar), 173
PyRun_AnyFile (C function), 43
PyRun_AnyFileEx (C function), 43
PyRun_AnyFileExFlags (C function), 44
PyRun_AnyFileFlags (C function), 43
PyRun_File (C function), 45
PyRun_FileEx (C function), 45
PyRun_FileExFlags (C function), 45
PyRun_FileFlags (C function), 45
PyRun_InteractiveLoop (C function), 44
PyRun_InteractiveLoopFlags (C function), 44
PyRun_InteractiveOne (C function), 44
PyRun_InteractiveOneFlags (C function), 44
PyRun_SimpleFile (C function), 44
PyRun_SimpleFileEx (C function), 44
PyRun_SimpleFileExFlags (C function), 44
PyRun_SimpleString (C function), 44
PyRun_SimpleStringFlags (C function), 44
PyRun_String (C function), 45
PyRun_StringFlags (C function), 45
PySendResult (C type), 108
PySeqglter_Check (C function), 173
PySeqglter_New (C function), 173
PySeqglter_ Type (Cvar), 173
PySequence_Check (C function), 104
PySequence_Concat (C function), 104
PySequence_Contains (C function), 105
PySequence_Count (C function), 105
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PySequence_DelItem (C function), 105
PySequence_DelSlice (C function), 105
PySequence_Fast (C function), 105
PySequence_Fast_GET_ITEM (C function), 106
PySequence_Fast_GET_SIZE (C function), 106
PySequence_Fast_ITEMS (C function), 106
PySequence_GetItem (C function), 105
PySequence_GetItem (C g<), 10
PySequence_GetSlice (C function), 105
PySequence_Index (C function), 105
PySequence_InPlaceConcat (C function), 104
PySequence_InPlaceRepeat (C function), 104
PySequence_ITEM (C function), 106
PySequence_Length (C function), 104
PySequence_List (C function), 105
PySequence_Repeat (C function), 104
PySequence_SetItem (C function), 105
PySequence_SetSlice (C function), 105
PySequence_Size (C function), 104
PySequence_Tuple (C function), 105
PySequenceMethods (C type), 286
PySequenceMethods.sq ass_item (C member),
286
PySequenceMethods.
PySequenceMethods.
286
PySequenceMethods.
member), 286
PySequenceMethods.
member), 287
PySequenceMethods.

sq_concat (C member), 286
sq_contains (C member),

sq_inplace_concat (C
sq_inplace_repeat (C

sq_item (C member), 286
PySequenceMethods.sq_length (Cmember), 286
PySequenceMethods.sq repeat (Cmember), 286
PySet_Add (C function), 159

PySet_Check (C function), 158
PySet_CheckExact (C function), 158
PySet_Clear (C function), 159
PySet_Contains (C function), 159
PySet_Discard (C function), 159
PySet_GET_SIZE (C function), 159

PySet_New (C function), 158

PySet_Pop (C function), 159

PySet_Size (C function), 159

PySet_Type (Cvar), 158

PySetObject (Ctype), 158
PySignal_SetWakeupFd (C function), 59
PySlice_AdjustIndices (C function), 175
PySlice_Check (C function), 174
PySlice_GetIndices (C function), 174
PySlice_GetIndicesEx (C function), 174
PySlice_New (C function), 174

PySlice_Type (Cvar), 174

PySlice_Unpack (C function), 175
PyState_AddModule (C function), 172

PyState_FindModule (C function), 172
PyState_RemoveModule (C function), 172
PyStatus (C type), 215
PyStatus_Error (C function), 215
PyStatus_Exception (C function), 215
PyStatus_Exit (C function), 215
PyStatus_IsError (C function), 215
PyStatus_IsExit (C function), 215
PyStatus_NoMemory (C function), 215
PyStatus_0k (C function), 215
PyStatus.err_msqg (C member), 215
PyStatus.exitcode (C member), 215
PyStatus. func (C member), 215
PyStructSequence_Desc (C type), 152
PyStructSequence_Desc.doc (C member), 152
PyStructSequence_Desc.fields (C member),
152
PyStructSequence_Desc.n_in_sequence (C
member), 152

PyStructSequence_Desc.name (C member), 152
PyStructSequence_Field (Ctype), 152
PyStructSequence_Field.doc (C member), 152
PyStructSequence_Field.name (Cmember), 152
PyStructSequence_GET_ITEM (C function), 152
PyStructSequence_GetItem (C function), 152
PyStructSequence_InitType (C function), 152
PyStructSequence_InitType?2 (C function), 152
PyStructSequence_New (C function), 152
PyStructSequence_NewType (C function), 152
PyStructSequence_SET_ITEM (C function), 153
PyStructSequence_SetItem (C function), 152
PyStructSequence_UnnamedField (Cvar), 152
PySys_AddAuditHook (C function), 69
PySys_AddWarnOption (C function), 68
PySys_AddWarnOptionUnicode (C function), 68
PySys_AddXOption (C function), 69
PySys_Audit (C function), 69
PySys_FormatStderr (C function), 69
PySys_FormatStdout (C function), 69
PySys_GetObject (C function), 68
PySys_GetXOptions (C function), 69
PySys_ResetWarnOptions (C function), 68
PySys_SetArgv (C function), 192, 196
PySys_SetArgvEx (C function), 192, 196
PySys_SetObject (C function), 68
PySys_SetPath (C function), 68
PySys_WriteStderr (C function), 69
PySys_WriteStdout (C function), 68
Python 3000 (3o]# 3000), 311
Python 2F&h =ICr

PEP 1,311

PEP 7,4,7

PEP 238,47,304
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